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20M THE PHYSICAL point of view, the 
essential problem in radiation ther- 
apy is to deliver an adequate amount of 
adiation to the cells it is desired to affect, 
hout at the same time over-irradiating 
mal structures. What constitutes an 
quate amount of radiation in any 
rticular case must be determined by the 
adiologist, on the basis of the nature and 
cation of the tumor and the personal 
acteristics of the individual patient. 
hile in planning treatment his first con- 
leration should be the amount of radia- 
on he would like to deliver to the tumor, 
will also pay attention to skin doses and 
probable systemic effects. The rate at 
hich the radiation is to be administered, 
fluding the intensity of the beam, the 
lagnitude of each fractional dose, and the 
quency of treatment, is of primary im- 
ance. 
Mn determining the preferable procedure 
irradiation in any individual case, the 
Miologist must have recourse to physical 
la regarding the effects of variations in 
physical factors on the surface and 
h doses delivered. The author has 
i requested to discuss the problem of 
delivery of a predetermined adequate 
to any specified lesion, with the re- 


sented before the Radiological Society of North 
2, at the Twenty-seventh Annual Meeting, San 
to, Calif., Dec. 1-5, 1941. 
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sources at the command of the average 
radiation therapist. 

From the physical point of view, this 
can involve only the consideration of the 
relative merits of various qualities of radia- 
tion in regard to doses delivered to various 
points. Such data can have little or no 
bearing on the time factor, except to de- 
termine whether the desired rate of irra- 
diation is practicable. Accordingly the 
present paper is concerned with setting 
forth certain physical data in convenient 
form for practical use, and in discussing 
some applications of these data. Little 
new material is included. 

At the present time it is unfortunately 
true that considerable carelessness exists in 
the specification of radiation dosage. Too 
often the actual tumor dose is overlooked; 
the amount of radiation delivered ‘‘in 
air,’ or ‘“‘to the skin, including back- 
scatter,’’ is the complete statement of the 
treatment. Thus two patients, each of 
whom was exposed to 1,000 roentgens 
measured in air would be said to have re- 
ceived the same dose. Yet in one case the 
lesion might have been 2 cm. below the skin 
in a 25-sq. cm. field, and in the other, 7 cm. 
below, in a 100-sq. cm. field. Actually, 
the first lesion will have received from 50 
to 150 per cent more than the second, de- 
pending on the quality of the radiation and 
the focal-skin distance. 
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Frequently even the qualifying expres- 
sion ‘‘in air’ or ‘‘on the skin” is omitted, 
the difference in actual tissue dose for the 
same number of roentgens specified in the 
two ways appearing not to be appreciated. 
There can, of course, be no single factor 
representing the relation between the two. 
An air dose of 1,000 r may mean a skin 
dose of as much as 1,500 r for moderately 
hard radiation and a large field, or as little 
as 1,050 r for quite hard (or very soft) 
radiation and a small field, according to the 
variations in back-scatter. Doses at any 
depth within the tissue differ correspond- 
ingly. 

To specify only the air dose, or the skin 
dose, may give a false sense of adequacy. 
The statement that 2,500 r was delivered 
to a 100-sq. cm. field sounds like a con- 
siderable amount, yet, as will be seen from 
data to be presented, for 200-kv. radiation 
with a filter of 2 mm. copper and a distance 
of 80 cm., the tissue dose at a depth of 12 
cm. is only 800 r, and for 200 kv. with 0.5 
mm. copper and 50 cm. distance, only 540r. 


It is probable that neither of these doses 
would be considered adequate for the treat- 
ment of carcinoma. 

On the other hand, by focussing the 
attention on the tumor dose rather than 
on air or skin dose, the radiologist may 
avoid serious damage due to over-irradia- 


tion. Much has been said about the de- 
sirability of treating each patient as an 
individual, and not using a routine technic 
for all cases of a certain type, but the 
custom persists in many institutions of 
giving a ‘‘standard pelvic cycle,” a ‘‘stand- 
ard postoperative cycle after radical 
mastectomy,’ etc. More than one radiolo- 
gist, having established a routine pelvic 
cycle which seems satisfactory in the 
average case, has found himself confronted 
with disastrous bladder and _ intestinal 
damage after employing the same cycle on 
a woman weighing 100 pounds or less. 
If he had considered that the dose to the 
intestines in a woman 16 cm. in anterior- 
posterior diameter is of the order of twice 
as great as in a woman 24 cm. in diameter, 
he might not have fallen into this difficulty. 
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No single set of physical factors—volt- 
age, filter, and distance—is satisfactory for 
all radiation therapy. For superficial 
lesions, the use of very penetrating beams 
may entail heavy irradiation of underlying 
vital structures, which could be avoided 
by the employment of softer rays. On the 
other hand, for deep-seated lesions, it js 
necessary to use the most penetrating 
radiation available. Thus the therapist 
needs to have at his command a range of 
qualities, and to know the limitations of 
each one. 

The qualities of radiation to be consid- 
ered in the present discussion will be limited 
to those which should be within the reach 
of every therapist, that is between 100 
and 200 kv. This does not imply that there 
is no value in lower or higher voltages; 
the limits have been set simply by the 
generally available equipment. The radi- 
ologist who is so fortunate as to possess 
facilities for contact therapy or super- 
voltage installations will find dosage data 
in the literature, to supplement those here 
presented. 

In the so-called high-voltage region, 
200 kv. is usually employed, with filtration 
of 0.5, 1.0, or 2.0 mm. of copper or the 
corresponding composite filters, and with 
distances from 50 to 80 cm. In the low- 
voltage range there is no such general 
agreement; a very large number of volt- 
age-filter-distance combinations are em- 
ployed in various x-ray departments. 
Among these, it is possible to select groups 
of factors which look quite different, yet 
which actually give essentially the same 
tissue doses. For instance, 100 kv. with 
2 mm. aluminum at 30 cm. distance, 120 
kv. with 1 mm. aluminum at 25 cm., and 
120 kv. with 4 mm. aluminum at 15 cm. 
give depth dose curves which can hardly 
be distinguished from one another. 

Since it is difficult to present useful 
tables or charts containing many sets of 
physical factors, it seems desirable from a 
practical point of view to select a reason- 
able group and limit discussion to these. 
Accordingly, six voltage - filter - distance 
combinations have been chosen as follows: 








CURVE KV. FILTER wYV.L. FS DIST- CM. 


ROENTGENS DELIVERED AT VARIOUS 100 =NONE 0.9MM.AL. 1S 
100 1 MM.AL. 1.9MM.AL 20 
DEPTHS IN VARIOUS FIELDS 120 3MM.AL. 43MMAL. 30 


= eeuetee eneen 140 O.25MM.CU. BEMMAL. 40 
rR © SENS ON SKIN 200 OS5MM.CU. 0.9MMCU 60 


200 2MM.CU. 1.eMM.CU. 80 
oe 5 25 
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Fig.1. Roentgens delivered at various depths per 100 roentgens on the skin, for various fields and qualities of 
radiation. Roentgen dose scale in middle of chart. 

































































KV. FILTER H.V.L. FS DIST-cw 


ROENTGENS DELIVERED AT VARIOUS NONE OSMMAL. 
IMM. AL. 1. 9MM.AL. 
DEPTHS IN VARIOUS FIELDS . 4.3MM.AL. 
- SEMMAL. 
PER 100 ROENTGENS IN AIR . O.9MM. CU. 
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Fig. 2. Roentgens delivered at various depths per 100 roentgens in air, for various fields and qualities of 
radiation. Roentgen dose scale in middle of chart. 
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poate Focal-Skin r/min. (air) 
Kilovolts Filter Half-Value Layer Distance (Approximate) * 

100 0 0.9 mm. Al 15 cm. 400 

100 1 mm. Al 1.9 mm. Al 20 cm. 150 

120 3 mm. Al 4.3 mm. Al 30 cm. 40 

140 0.25 mm. Cu 8.6 mm. Al 40 cm. 15 

200 0.5 mm. Cu 0.9 mm. Cu 50 cm. 45 

200 2.0 mm. Cu 1.8 mm. Cu 80 cm, 8 





———————EO . . me . . - 
* These values are based on averages of calibrations made on low-voltage machines operating at 4—5 ma., and on 


high-voltage machines operating at 20-25 ma. 


It is not implied that this is the only de- 
sirable set of qualities or, necessarily, the 
best. They are, however, adequate within 
the voltage range under consideration. 
They have been chosen to cover the region 
in nearly equal steps for depth doses, and 
to be such that the output of radiation is 
in no case too small to be practical. 

For each of these qualities, depth dose 
curves have been plotted for four fields, 5, 
25, 100, and 400 sq. cm. Since at the pres- 
ent time radiologists are divided between 
use of air dose and of skin dose as starting 
point, separate charts have been made for 
the two.2 In Figure 1 are the curves for 
depth dose in percentage of skin dose, 
that is, roentgens delivered at any depth 
per 100 r on the skin. In Figure 2 are the 
corresponding curves for depth dose in 
percentage of air dose—roentgens delivered 
at any depth per 100 rin air. In this latter 
case, because of the decreased back-scatter 
for the harder radiation, the initial points 
of the 200-kv. curves lie below those for 120 
and 140 kv. 

These curves are all for irradiation with 
open ports, the field sizes being defined 
by lead diaphragms, and with no cones to 
limit the beam. The use of cones with 
closed ends alters these depth doses some- 
what, because of the scattering of radiation 
in the material in contact with the skin of 
the patient. For very soft radiation, 
depth doses with such cones may be some- 
what higher than without; for harder rays, 
depth doses with cones are in general some- 


_* The data used have all been obtained at the Memo- 
rial Hospital, using the extrapolation ionization cham- 
ber. Much of the material has been published else- 
where, and it has been collected in Technical Bulletin 
No. 1 of the Standardization Committee of the Radio- 
logical Society of North America (1). 


what less; the amount of the variation de- 
pends on the material and thickness of the 
cone cover. For covers of organic ma- 
terial, new sets of curves can be plotted 
from-those of Figures 1 and 2 in the follow- 
ing manner: 

Determine the thickness of the cover, 
and the depth dose at a depth correspond- 
ing to this thickness. This becomes the 
new 100 per cent; doses for all other depths 
must be recalculated from this reference 
point. For instance, assume a cone cover 
of 1/4 inch bakelite on a 100-sq. cm. cone, 
to be used for 200 kv., 0.5 mm. Cu, 50 cm. 
One-fourth inch is approximately 6 mm. 
In Figure 1 the dose at this depth on the 
appropriate curve is 98 per cent. Five cm. 
deeper, or at 5.6 cm. on the curve, the dose 
is 56 per cent. For the new curve, in which 
98 per cent becomes 100, 56 becomes 56/98 
or 57 per cent. This is the depth dose for 
the point 5 cm. below the skin under the 
cone and is definitely less than the point 
5 ecm. below the uncovered skin, which, 
according to the curve, is 61 per cent.* 

In addition to the relative depth doses 
as determined from Figures 1 and 2, it is 
desirable to know something about the 
absolute rate of administration of the radi- 
ation, from the economic as well as the 
clinical point of view. If a quality of 
radiation which appears desirable can only 
be delivered so slowly that it is doubtful 
whether the patient can be kept quiet and 
comfortable for the treatment, for instance, 
it is well to see whether another quality 
cannot be employed without serious sacri- 
fice of tissue dose. In Figure 3 are given 





’ Considerable data for depth doses with various. 
cone covers will be found in the Technical Bulletin No. I 
already referred to. 
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average values of the actual r per minute 
delivered at various depths by the six 
qualities of radiation at the distances used 
in Figures 1 and 2, for a 100-sq. cm. field, 
by the x-ray equipment in general use at 
the present time. In the individual case, 


of course, some of these curves may be 
higher or lower than in the figure, but these 
give a fair comparison. 


FLYER FS R PER 
OISTANCE MIN.~ AR 
cM. 


NONE 5 400 
1 MM.AL. 20 150 
3MMAL 30 40 
Ossmmacu. 40 is 
OSmM.cu. 50 45 
2MM.cuU. 80 8 


100 $Q.CM. FIELD 


OEPTH~ CENTIMETERS 


Fig. 3. Roentgens per minute delivered on skin 
and at various depths by x-rays of various qualities. 
Values of intensities are averages of calibrations in 
a number of institutions. 


Besides the four fields given in the charts, 
others will be employed by all radiologists. 
For doses with such fields, interpolation 
may give a satisfactory value; for in- 
stance, doses in a 50-sq. cm. field are about 
half way between those for 25 and those 
for 100 sq. cm. It is, however, more satis- 
factory to plot the data for a particular 
quality of radiation in the form shown in 
Figure 4. Such a set of curves can be pre- 
pared for any particular quality of radia- 
tion and distance, from the data of Figure 
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1 or Figure 2, and may well be posted near 
the x-ray machine to which they apply. 
For the very soft radiations, large fields 
are seldom employed, and depths of more 
than 5 cm. are of little significance. In 
this case, a more detailed plot of the data 
for small fields and shallow depths is de- 
sirable; such a one is given in Figure 5, 
for two such qualities. For other soft 
radiations, the variation from field to field 
for any particular depth is the same as for 
those plotted, so that similar charts can be 
made for them as desired. 

The radiologist may also employ other 
distances than those assigned to the vari- 
ous qualities in Figures 1 and 2. If he 
has ascertained by calibration that the in- 
verse-square law holds between the dis- 
tance he intends to employ and the one 
used in the chart, he can calculate the 
change in depth dose in accordance with 
this law. It is convenient, however, to 
have a table for this purpose, such as 
Table I. 

For convenience, all depth doses have 
been referred to those at 50 cm. distance; 
this, however, is immaterial. The table 
can be employed for any shift in distance 
within the limits tabulated, provided only 
that equal doses are delivered on the skin 
in the two cases. For example, in order 
to find out what depth dose would be de- 
livered by the 200-kv. radiation with 0.5 
mm. copper filter and a 400-sq. cm. field 
at 70 cm. instead of 50, to a lesion 10 cm. 
deep: According to the table, the 10-cm. 
depth dose at 70 cm. is in the ratio of 
110.3/100 to that at50cm. From Figure 1, 
for a 400-sq. cm. field the 10-cm. depth 
dose is 40 per cent of the skin dose. Hence 
for 70 cm. it would be 110.3/100 X 40 = 
44 per cent of the skin dose. 

Again, suppose it was desired to use 
140-kv. radiation with 0.25 mm. copper at 
20 em. instead of 40, for a lesion 3 cm. deep 
in a 25-sq. cm. field, in order to ad- 
minister the treatment as rapidly as pos- 
sible. For the same skin dose, the time 
would be reduced to one-fourth what it 
was at 40 cm. (407/20? = 4). The depth 
dose at 3 cm. for the shorter distance 1S 
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TaBLE I: FACTORS FOR DETERMINING DEPTH Doses AT VARIOUS Focus-SKIN DISTANCES, IN TERMS OF EACH 
Deptu Dose For 50 Cm. Distance AS 100 Per CENT 
(Skin Dose 100 Per Cent for Every Distance) ' 
sae Focus-Skin Distance in Centimeters : \ 
15 20 25 30 40 50 60 70 80 100 ' 
) 4 
Depth- : } 
Cm. Percentage of Depth Dose at 50 Cm. 
0 100 100 100 100 100 100 100 100 100 100 yf 
1 91.5 94.5 96.2 97.5 99.5 100 100.8 101.1 101.4 102.0 
2 84.1 89.4 92.8 95.0 98.3 100 101.2 102.2 103.2 104.0 rt ¢ 
3 73.0 85.0 89.5 926 97.4 100 102.0 103.3 104.2 106.0 4 
r 72.8 81.0 86.8 90.6 96.6 100 102.5 104.6 105.8 107.8 +} 
5 68.0 77.5 84.0 88.9 95.8 100 103.1 105.7 107.0 109.4 s 
6 64.0 74.4 81.5 87.0 95.2 100 103.8 106.4 108.5 111.5 a 
7 60.5 71.2 79.8 85.5 94.4 100 104.1 107.4 109.8 113.6 } 
8 57.3 68.6 77.2 83.7 93.6 100 104.9 108.4 111.0 115.5 | 
9 54.5 66.2 75.2 82.2 93.0 100 105.5 109.3 112.2 117.0 : 
10 51.9 64.0 73.5 81.0 92.4 100 106.0 110.3 113.9 119.2 Pv. 
11 19.6 61.9 71.8 79.5 91.8 100 106.4 111.3 115.0 120.9 i 
12 17.5 60.1 70.2 78.5 91.0 100 106.9 112.2 116.3 123.0 Be 
13 45.6 58.2 68.8 77.5 99.7 100 107.1 113.0 117.4 124.2 : 
14 43.8 6.6 67.2 76.0 90.4 100 107.7 113.9 118.8 126.0 : 
15 $2.4 5.2 66.0 75.2 89.5 100 108.1 114.9 120.0 97.2 U 
: 
TaBLe II: NUMBERS OF ROENTGENS DELIVERED AT VARIOUS LEVELS WHEN EguaL Doses ARE ADMINISTERED ia 
at PARTICULAR DEPTHS BY DIFFERENT QUALITIES OF RADIATION, TOGETHER WITH COMPARISON OF TIMES RE- ’ 
QUIRED FOR DELIVERY OF THE EQUAL DOSES : 
Kilovolts 100 100 120 140 200 200 f 
Filter None 1 mm. Al 3 mm. Al 0.25mm. Cu 0.5mm.Cu 2.0mm. Cu ; 
Focus-Skin Distance 15 cm 20 cm 30 cm 40 cm 5O cm. 80 cm : 
100 Roentgens at 1 Cm. Depth—5 Sq. Cm. Field 
Surface 200 160 130 122 118 This quality would . 
5em. Depth 18 25 32 40 41 not ve consid- 
10 cm. Depth 3 8 10 15 17 ered in this case 
Relative Times 1.0 2.1 a 16.0 5.0 : 
100 Roentgens at 3 Cm. Depth—25 Sq. Cm. Field J. 
Surface 410 280 185 156 143 135 *] 
10cm. Depth 11 17 22 28 30 35 
Relative Times 0.24 0.42 1.0 2.2 0.7 3.9 hy 
100 Roentgens at 5 Cm. Depth—50 Sq. Cm. Field 
Surface These qualities would 250 200 180 165 
10 cm. Depth not be considered in 36 44 47 53 ; 
Relative Times this case 0.5 1.0 0.3 1.7 6 
100 Roentgens at 12 Cm. Depth—100 Sq. Cm. Field 
Surface These qualities would not be consid- 530 430 325 
Relative Times ered in this case 0.8 0.2 1.0 





85/97.4 of that for the longer. From 
Figure 1, at 40 cm. with a 25-sq. cm. field 
it is 64 per cent; hence at 20 cm. it would 
be 64 X 85/97.4 = 56 per cent of the skin 
dose. This is a considerable loss in dose; 
it might not be considered a desirable 
change in treatment plan. 

In selecting the quality of radiation to be 
employed for any particular lesion, as has 
been stated above, the radiologist will take 
into account not only the dose at that 
definite depth, but also the doses to over- 


lying and underlying structures. In Table 
II, data from Figures 1 and 2 have been 
arranged to permit of rapid comparison 
in some special cases. Here, when equal + 
doses are delivered at certain levels, the 
simultaneous doses at other levels are 
tabulated. The application of this in- 
formation to some special problems may 
be considered. 

1. A small superficial lesion at the outer canthus 
of the eye, greatest possible depth less than | cm., i 
skin damage unimportant, but radiation to the 








PERCENTAGE DEPTH DOSE 


PERCENTAGE DEPTH DOSE 


KV. 
Loe FILTER 
CM. DISTANCE 


AREA OF FIELD - SQUARE CENTIMETERS 


Fig. 4. 
per 100 roentgens on the skin: 
tance 


100 KV. 
NO FILTER 


6 CM. F-S DISTANCE 


AREA OF FIELD 


Roentgens delivered at various depths in fields of various sizes, per 100 roentgens on the skin. 


kv., no filter, 15 cm. F-S. distance 


Roentgens delivered at various depths in fields of various sizes, 


200 kv., 0.5 mm. Cu filter, 50 em. F-S. dis- 


IT. 


120 KV. 
3 MM. AL. FILTER 
30 CM.F-S DISTANCE 


SQUARE CENTIMETERS 


120 kv., 3 mm. Al filter, 30 cm. F-S distance. 
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lenses of both eyes to be kept to a minimum. In 
the first part of the table it is seen that for equal 
doses at 1 cm. depth, 100-kv. unfiltered radiation at 
15 cm. delivers only about half as much to the ad- 
jacent eye (approximately 5 cm.) and one-third to 
the other eye (10 cm.) as 120 kv. with 3 mm. alumi- 
num and 30 cm. distance, while the difference with 
any harder radiation is still greater. 

2. A local recurrence in the chest wall after 
radical mastectomy, greatest depth 3 cm. It is 
desired to avoid skin damage and also lung damage; 
the field is to be 25 sq.cm. From the point of view 
of lung damage, the softest radiation would, of 
course, be best, but with this it appears that for 
equal tumor doses, the skin dose would be more than 
twice as much as for an intermediate quality—120 
ky. with 3 mm. aluminum. The skin dose for this 
latter quality is 185/143 or 30 per cent greater 
than for 200 kv. with 0.5 mm. copper, when equal 
tumor doses are administered, while at a depth of 10 
em. in the lung the dose is 22/30, or about 30 per cent 
less. 

3. In an average-sized woman, could adequate 
irradiation be delivered to a pelvic growth by so- 
called intermediate therapy? For equal doses at 
12 em. depth in a 100-sq. cm. field, the 140-kv. beam 
delivers 23 per cent more to the skin than 200 kv. 
with 0.5 mm. copper at 50 cm., and 63 per cent 
more than 200 kv. with 2 mm. copper at 80 cm. 
Furthermore, the intermediate voltage radiation is 
more effective than the higher in producing skin 
damage. 


From these examples it is evident that 
it is seldom that one set of physical factors 
is obviously better than all others. The 
advantages and disadvantages of the vari- 
ous possibilities must be weighed, and final 
decision rest on this. 

It is sometimes argued that it is difficult 
or impossible to know the actual depth of 
a lesion, and hence impossible to determine 
the tissue dose accurately, and that, since 
the air or skin dose can be known ac- 
curately, it is better to specify treatments 
by this means. This, of course, begs the 
question referred to earlier, of the great 
differences in tissue doses at various depths 
within a particular beam. It is, further- 
more, completely invalid in practice. Ob- 
viously, careful measurement of the patient 
is necessary in order to know the depth 
with reasonable accuracy, but this is not an 
impossibility, and the fact that it requires 
a little time should not be accepted as an 
excuse for not doing it. It is true that an 
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error of 1 cm. in the estimated depth may 
introduce an error as large as 20 per cent in 
the dose if a single beam is employed. (Even 
this is better than the complete uncertainty 
resulting from no attempt at statement of 
tumor dose.) In general, however, for 
deep-seated lesions, some form of cross-fire 
is used, in which case a shift of 1 cm. 
seldom introduces an error as large as 10 
per cent. This is illustrated by Figure 6, 





DISTRIBUTION OF RADIATION THROUGH AXILLARY REGION 
200 KV. O.5 MM. CU. FILTER 50 Cm F-S DISTANCE 

SO SQ. CM. FIELDS 100 R ON SKIN TO EACH FIELD 
A-P DIAMETER AT LEVEL OF FIELDS (7 CM 
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Fig. 6. Effect of cross-fire on amount of radia- 
tion delivered throughout axillary region: 200 


kv., 0.5 mm. Cu filter, 50 cm. F-S. distance, 150 
sq. cm. field. 











showing the difference in the amount of 
radiation delivered throughout an axillary 
region by a single beam of 200-kv. x-rays 
and by two beams of the same quality 
cross-firing through opposite portals. The 
lower curve indicates the number of roent- 
gens at different depths per 100 r on the 
anterior skin field. Within the possible 
node-bearing region, say from 3 cm. depth 
to 9 cm., there is a very large variation in 
the possible dose, and an error of 1 cm. in 
determining the position of a node may 
mean an error of about 15 per cent in the 
calculated dose. The upper curve indi- 
cates the number of roentgens at the same 
positions for 100 r to an anterior and 100 r 
to an opposite posterior skin field. The 
exit doses bring the total skin doses to 115 
r each; it is evident that throughout the 
possible node-bearing region the differences 
in dose are small and an error of 1 cm. in 
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determining the position would not lead 
to as much as 5 per cent error in the tissue 
dose. 

In connection with cross-fire, it may be 
well to say a little more about exit doses. 
If the position of the patient is such that 
the exit field is in contact with the treat- 
ment table, or with a firm mattress, then 
the exit dose is essentially the same as the 
tabulated depth dose for the thickness of 
the patient. For instance, in the example 
just considered, if the patient (17 cm. in 
anterior-posterior measurement) is lying 
flat on the table, the exit dose for either 
field is essentially the depth dose at 17 
cm.—15 per cent in this case. If, however, 
the patient is in such a position that only 
air is in contact with the exit field, the exit 
dose is less than the tabulated depth dose, 
because of the lack of scattering material 
beyond the exit field. For this situation, 
certain rules have been formulated, based 
on experiment: 

1. For small fields (10 sq. cm.) the exit 
dose for any thickness of part is about 90 


per cent of the regular depth dose at the 
same level. 

2. For intermediate fields (75 sq. cm.) 
the exit dose is from 70 to 80 per cent of the 
regular depth dose, depending on the thick- 


ness of the part. No appreciable error is 
introduced into dosage calculations by 
taking an average and using 75 per cent for 
all thicknesses, for fields of this order of 
magnitude. 

3. For large fields (250 sq. cm.) the 
exit dose is from 65 to 75 per cent of the 
regular depth dose. Here also it is satis- 
factory to use the average value of 7() per 
cent for all thicknesses. 

In comparing the relative advantages 
and disadvantages of various qualities of 
radiation, the effects of both the back- 
scatter and exit dose must be kept in mind. 
It is sometimes taken for granted that in- 
creasing the hardness of the beam must in- 
crease the absolute depth dose. This, of 
course, may not be true if the back-scatter 
for the harder beam is considerably less 
than for the softer. In this case, a shift to 
a harder radiation, with the same number 
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of roentgens measured in air, may actually 
result in a decreased tissue dose. That this 
fact is frequently overlooked is demon- 
strated by the number of radiologists who 
state that their patients tolerate irradiation 
better with 200 kv. and 2.0 mm. copper 
filter than with 200 kv. and 0.5 mm. cop- 
per, and on being questioned, admit that 
they are specifying all doses in air. While 
it is probable that there is a certain quality 
effect of this sort, it must be pointed out 
that for the 2.0 mm. copper filter and large 
fields, the skin dose for a given air dose is 
about 1C per cent less than with 0.5 mm. 
copper. Hence, in addition to any possible 
quality difference, the skin is actually re- 
ceiving less radiation, and is also receiving 
it at a slower rate (due to the diminished 
output with heavier filter). The curves of 
Figure 2 bring out these statements. 

In Figure 7 are developed comparisons 
of the three hardest beams under dis- 
cussion in this paper, in irradiating by 
cross-fire necks and pelves of certain 
specified dimensions. Each curve has 
been constructed in the same manner as 
the upper one in Figure 6, distances being 
indicated in centimeters from the midline. 
The upper two sets of curves in each figure 
show the distribution of radiation through 
the part when 100 r, measured on the skin 
with back-scatter, are delivered to each 
skin field; the lower sets give the doses 
when each side receives 100 r measured in 
air. 

In the case of the 10-cm. neck, when 
incident skin doses of 100 r are employed, 
the total skin dose (including exit dose) for 
the most penetrating beam is 5 per cent 
more than for the next, and the dose in the 
midline 11 per cent higher. If the ex- 
posures for all three qualities of radiation 
were adjusted so as to deliver identical 
total skin doses, the widest variation in 
dose at any point within the neck, for the 
three qualities, would not be more than 10 
per cent. Here, apparently, the radiation 
of choice would be the most readily avail- 
able. For the larger neck, on adjusting 
total skin doses to equality, the hardest 
radiation would be found to give 10 per 
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cent more at the midline than the second 
quality, and 23 per cent more than the 
third; here the choice must lie definitely 
with one of the 200-kv. beams. Similar 
considerations applied to the chart for the 
pelvis indicate that this 140-kv. radiation 
is not satisfactory in any case. For the 
smaller woman, the use of the heavier cop- 


\) sq. cm.), and effect of variation in physical factors 
hen irradiated through single anterior and posterior 


per filter and the longer distance increases 
the midline dose by 20 per cent, while for 
the larger individual the increase is almost 
40 per cent. Granted that it will require 
much longer to deliver the dose in the sec- 
ond case, it may still be desirable. 

Such discussions as the above bring out 
the fact that, if the only therapeutic equip- 
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ment available is a low-voltage machine, 
treatments should be confined to super- 
ficial lesions. An attempt to treat a deep- 
seated lesion with low voltage, on the 
assumption that a little radiation is better 
than none, may lead to such damage to 
overlying structures as to prohibit any 
further treatment if better equipment be- 
comes available, without in any way in- 
hibiting the growth of the malignant 
lesion. Practical examples of this state of 
affairs can be found in any large x-ray 
department, where these poorly treated pa- 
tients have been referred when the super- 
ficial therapy has failed. 

There is also the converse problem of the 
radiologist who has no low-voltage ap- 
paratus available, and must do his super- 
ficial therapy with a 200-kv. installation 
operated at a lower voltage and shorter 
distance, and without external filter. Such 
an equipment can usually be operated at 
about 140 kv., and at a distance of 35 cm. 
When no external filter is used, the thick 
glass of the deep therapy tube still acts as 
a considerable filter at this voltage; the 
emitted beam has an intensity of about 150 
r per minute (air) and a half-value layer 
of about 5 mm. aluminum. This is only 
slightly harder than the radiation here con- 
sidered as number 3—120 kv. with 3 mm. 
aluminum filter. The use of 35 cm. in- 
stead of the 30 used in the curves for this 
quality will increase the depth dose only 
slightly, for the depths which would be 
treated by this beam. It is evident, 
therefore, that this radiation can reason- 
ably be employed for all but the most 
superficial therapy. 


SUMMARY 


A group of six sets of voltage-filter- 
distance factors for x-ray beams has been 
selected, covering the region between 1(00- 
kv. unfiltered and 200-kv. highly filtered 


radiation. Depth dose data for these 
beams have been presented in such a man- 
ner as to facilitate determinations as to 
their relative values in any specific condi- 
tion. The usefulness of the data is illus- 
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trated by the working out of various practi- 
cal problems. 


The author wishes to acknowledge her indebted. 
ness to Mr. L. D. Marinelli for his co-operation in 
securing hitherto unpublished data on low voltage 
depth doses, and to Dr. Manuel Garcia for his as. 
sistance in the experiments leading to the rules for 
determining exit doses. 
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DISCUSSION 

Edwin C. Ernst, M.D. (St. Louis, Mo.): | 
am indeed honored to discuss this paper. With- 
out the past contributions of Edith Quimby, 
Failla, Marinelli, and other physicists of the Stand- 
ardization Committee—Doctors Glasser, Taylor, 
and many others—the progress made thus far in the 
field of physical x-ray measurements would have 
been greatly curtailed. Year after year important 
radiation measurement studies have been presented 
by our esteemed essayist and colleague—Edith 
Quimby. This afternoon we have been privileged 
to listen to further valuable contributions. Few if 
any previous presentations could have been of 
greater usefulness than this simple exposition of 
practical x-ray dosage charts and measurements. 

I can discuss only a few of the many high points 
with respect to the analysis of the differential air, 
skin, depth, and exit dose values. I know that you 
will all agree with me that, rather than proving 
helpful, complicated formulas or graphs usually 
disturb the average radiologist, with the result that 
their employment is very limited. The romance of 
dosimetry, as presented this afternoon, has been 
extremely interesting. The acceptance and applica- 
tion of the roentgen unit in this country have been 
rapid. I well remember during the early days of 
the American Board of Radiology examinations the 
relatively limited dosage knowledge possessed by 
the average applicant. Whenever he did finally 
master the definition of the roentgen unit and with 
reasonable accuracy could compare his milliampere 
minute technic with that of the roentgen unit, the 
radiotherapist of that day considered himself well 
grounded in the physics of radiology. 

During the succeeding years it was gratifying 
to note the rapidity with which the direct roent- 
gen unit method of x-ray measurement was eMm- 
ployed by the average radiologist. It was only 
natural, therefore, that, during this period of de- 
velopment of these newer methods, many of us 
reached the pinnacle of over-standardization, think- 
ing only in terms of multiples of thousands of roent- 
gen air dose units, forgetting the many other im- 
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rtant clinical and practical considerations, and 
inadvertently paying too much attention to skin 
changes and too little to the amount of radiation 
ultimately reaching the tumor. 

Many scientific contributions and published 


treatises—and, unfortunately, essayists at this very 
meeting—have reported results in terms of 12,000 
and 16,000 roentgens, supposedly representing 
the actual dose administered to a specific deep-seated 
lesion, when in fact these misleading figures were ob- 
tained by totalling the air dose to four or six ports of 
entry. The examples presented by Dr. Quimby 
uncover the fallacy of administering like dosages to 
patients of different sizes and weights, under the 
mistaken presumption that a slight increase in the 
superficial dose is sufficient for effective irradiation 
of alarger patient. Many of our roentgen institu- 
tions persist in the unfortunate routine of over- 
standardizing different methods of x-ray therapy, 
using the designations ‘‘preoperative,”’ postopera- 
tive,” or “pelvic” roentgen cycle. To me this 
dassification seems most unfortunate, since the 
necessary variability of patients in size and shape 
should be given greater individual consideration. 

It is not surprising, therefore, that surgeons and 
other specialists frequently advise the technician 
to administer the pelvic or postoperative cycle, or 
even suggest that the patient enter the hospital for a 
few shots of x-ray."" In a measure, it has been 
our own fault that we have permitted these condi 
tions to exist, rather than acting in the capacity of 
true consultants. For many years at the Barnard 
Free Skin and Cancer and DePaul Hospitals, we 
have carefully measured and examined each patient 
and then prescribed the number of tissue roentgens 
which should reach the tumor area. If 3,500 r is the 
selected tumor dose, the number of ports of entry 
and the physical factors are increased or decreased 
to meet the requirements. Medical assistants and 
technicians co-operate in this planning and there- 
fore have developed an added interest in properly 
placing the patients for therapy. In the treatment 
of extremely large patients, even under the most 
careful planning, the tumor area is short of receiving 
the full tumor depth dose by a thousand or more 
ussue roentgens. Additional ports of entry must be 
devised, or the penetration of the beam be increased, 
to radiate large patients adequately. In such a 
problem these depth charts are most helpful. 

Since the interest of the patient is at stake, we 
should become more tumor minded, rather than 
“quibbling” about differences of a few hundred 
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roentgens in the dose measured in air and directed 
through the individual ports of entry. The essayist 
has been very timely in her emphasis on the fallacy 
of increasing the actual tumor dose 10 or 15 per 
cent in large patients, when in reality it will vary in 
different individuals by as much as 100 per cent 
under a like quality of radiation. Often we are too 
busy to study the individual needs of our patients, 
much less make a careful physical examination. 
The charts presented refer to but six technics and 
this number may not be applicable to ali of our re- 
quirements, but in my opinion they are sufficiently 
inclusive. Contact and supervoltage therapy graphs 
are not included. 

It should also be remembered that with certain 
malignant tumors atypical reactions and unusual 
behavior are to be anticipated. Tumors may show 
different responses to similar roentgen dosages. 
In the application of any form of radiation, whether 
in research or practical therapy of deep-seated 
malignant growths, we must continue to keep de- 
tailed records of the physical factors employed, but it 
is equally desirable to estimate or measure directly 
the amount of radiation reaching the tumor area 
within a known period of time. In research prob- 
lems, if the histologic effects of cell changes were 
being studied, any analysis of the results would be 
valueless if the report merely stated the total roent- 
gens delivered in air and failed to include the 
number of roentgens reaching the pathological 
cells within a known period of time. From the 
standpoint of research, as well as practical applica- 
tion, every one interested in radiation therapy should 
make a serious effort to become acquainted with 
these time-saving graphs and depth dose charts 

Before closing, I wish to urge every radiologist 
to work with his physicist whenever a periodic cali- 
bration is being made. It is a mistake merely to 
accept the physicist’s analysis. How can he be of 
service to you unless you present to him your prob- 
lems and methods of roentgen application. You 
may be very busy at the time of his visit, but it will 
pay you to make the necessary arrangements in 
advance for spending al! of your time with him dur- 
ing the calibration of your roentgen apparatus. 

In view of the ever-increasing problems of roent- 
gen dosimetry, if it has been possible by means of 
this contribution to simplify a few of the technical 
procedures and methods, another epoch-making 
advance has been achieved by Edith Quimby and 
her co-workers in the interest of more effective 
roentgen therapeutics 
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The Action of Roentgen Rays on Inflammatory Conditions’ 


ARTHUR U. DESJARDINS, M.D. 
Section on Therapeutic Radiology, Mayo Clinic, Rochester, Minn. 


DP gpoene THE PAST fifteen years, an in- 
creasing number of radiologists and 
other physicians have become interested in 
roentgen therapy for inflammatory condi- 
tions. Some chronic inflammations, nota- 
bly of the skin and lymph nodes, had been 
treated with roentgen rays as early as 1896 
and 1897, but this had been done empiri- 
cally. Early trials of roentgen therapy for 
chronic inflammations were made in this 
country, but it is only true to say that some 
of these attempts were not systematically 
followed up and often they were unknown 
to all but a few. As for the treatment of 
acute inflammations, much of this was first 
carried out in various European countries, 
and American radiologists have been a 
little slow in following the lead. It was 


only after the World War that the treat- 
ment of chronic and especially of acute 


conditions became an established proce 
dure. This was due to the work of many 
physicians, but special credit is due Heiden- 
hain and Fried,? who treated in this 
manner a large number of different kinds of 
inflammation. Their reports have had a 
greater influence, perhaps, in stimulating 
the use of roentgen rays in the treatment of 
inflammations than those of any other 
medical writers. 

There is no longer any doubt that roent- 
gen rays often have a beneficial effect on 
many varieties of acute and chronic in- 
flammation. The evidence is now so 
abundant that it cannot be disregarded. 

It has been difficult for internists and 
surgeons, and for some radiologists also, to 
understand how an agent which has been 
used so largely to treat malignant tumors 
can also be an effective means of treat- 
ing acute or chronic inflammatory proc- 


! Presented before the Radiological Society of North 
America, at the Twenty-seventh Annual Meeting, San 
Francisco, Calif., Dec. 1—5, 1941. 

2? Heidenhain was a surgeon and Fried was a roent- 
genologist who co-operated with him and who super- 
vised treatment of the patients. 


esses. In malignant neoplasms, the rays 
act mainly by destroying malignant cells. 
How can this be reconciled with the treat- 
ment of inflammatory lesions? One reason 
for this difficulty is that so few physicians 
have been familiar with the experimental 
background of roentgen therapy and with 
the sensitiveness of different kinds of tissue 
and cells to the rays. A second reason js 
the great variety of inflammations for 
which the therapeutic value of roentgen 
rays has been claimed, and the lack of a 
convincing explanation of the action of the 
rays on these many different conditions. 
Still another reason for the hesitation of 
internists and surgeons to take advantage 
of this method of treatment for the benefit 
of their patients has been the fear of del- 
eterious changes such as are not infre- 
quently observed following the treatment 
of malignant tumors. 

In 1931 I attempted to explain the action 
of the rays on acute and chronic inflamma- 
tions. This explanation was based on a 
knowledge of the results of many experi- 
ments on animals and of the large number 
of clinical observations to be found in the 
medical publications of different countries 
over many years. Although somewhat 
crudely presented, this explanation has 
been widely accepted. Later, I discovered 
that the main points of this explanation 
were not original but had been advanced 
previously by Pordes (12, 13) and others. 
Since then, this explanation has been 
questioned, and some radiologists now 
think that other factors may be more im- 
portant than those to which I had drawn 
attention. This may or may not be true. 
At any rate, a reconsideration of the sub- 
ject may now be in order, and I am glad 
to have this opportunity to correct certain 
misleading impressions for which some, of 
my earlier articles may have been re 
sponsible. 


In considering this problem, the first 
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logical step is to review the known phases 
of the inflammatory process. Although 
this process has been investigated by a 
large number of men over many years, 
numerous phases of it remain more or less 
obscure. All that is really known about in- 
flammation are some of the major, outward 
phases which can readily be observed. 


ACUTE INFLAMMATION 


In an acute inflammation the earliest 
perceptible changes relate to the blood 
vessels. The first evidence of inflammatory 
reaction to an irritant is an early, but 
temporary, contraction of the blood vessels 
in the affected region. This is of short 
duration and is soon followed by expansion 
of the vessels, and this is accompanied by 
an increased flow of blood. For a limited 
time, the blood flows with increased 
rapidity through the arterioles and capil- 
laries but after a time (half an hour to an 
hour) the rate of flow gradually dimin- 
ishes. When this stage has been reached, 
capillaries which previously have not been 
visible, or have been hardly perceptible, 
can be made out clearly; they are dis- 
tended and form an extensive and close 
network. As the rate of the blood flow 
diminishes, other changes affecting the leu- 
kocytes can be observed. An increasing 
number of leukocytes come in contact with 
the walls of the vessels and gradually work 
their way through the walls and migrate 
into the intercellular spaces of the affected 
region. At the same time, an increasing 
quantity of plasma from the blood seeps 
through the walls of the vessels and finds 
its way into the surrounding tissues where, 
as it accumulates, it separates layers of 
tissue and even individual cells. As the 
hyperemia, the seepage of plasma, and the 
migration of leukocytes increase, the 
affected region becomes engorged, some 
degree of edema occurs, the part becomes 
abnormally hot, and pain and throbbing 
result from the congestion caused by the in- 
creased quantity of fluid in the tissues and 
the infiltration of the tissues by migrating 
cells. 


In acute inflammation, the cells which 


first migrate in greatest number from the 
blood stream into the intercellular spaces 
of the inflamed tissues are the polymor- 
phonuclear leukocytes. In some forms of 
inflammation, notably in acute pyogenic 
infections, these cells may appear for a 
short time to be the only kind of leukocyte 
present; but if the inflammation continues 
beyond seventy-two hours, and the longer 
it continues after that time, the proportion 
of polymorphonuclear cells among the in- 
filtrating leukocytes tends to diminish, 
and the proportion of other leukocytes, 
especially large mononuclears (the macro- 
phages of Metchnikoff) and small mono- 
cytes (lymphocytes), tends gradually to 
increase. Thus in many acute inflamma- 
tions the macrophages increase until they 
outnumber the polymorphonuclear cells. 
When the inflammatory process continues 
beyond this point, there is a gradual in- 
crease in the lymphocytes infiltrating the 
affected region, and the number of these 
cells may become considerable. Not all the 
leukocytes which infiltrate inflamed tissues 
have emigrated from the blood stream; 
some of them existed in the tissues as 
wandering cells before the inflammatory 
process began. 

In the early stages of an acute inflam- 
mation, the polymorphonuclear leuko- 
cytes are the most active phagocytes; 
they destroy large numbers of bacteria or 
dispose, in a similar manner, of other noxi- 
ous substances which may be responsible 
for the inflammation; but in the attempt to 
perform this function, many of the poly- 
morphonuclear cells are themselves de- 
stroyed and become the so-called pus cells. 
As they disintegrate, these cells liberate 
bactericidal substances, proteolytic fer- 
ments, and thrombin, which combines with 
the fibrinogen of the plasma to form fibrin. 
When polymorphonuclear leukocytes en 
gulf bacteria or other foreign substances, 
the ferments and bactericidal substances 
which they contain enable them to dispose 
of these noxious agents by intracellular 
digestion. 

Other leukocytes which have an impor- 
tant phagocytic function are the large 
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mononuclear leukocytes. It would appear 
that the main function of these cells is to 
dispose by phagocytosis of dead bacteria, 
dead leukocytes, and dead tissue cells; 
they are not numerous during the early 
stages of an inflammation, but they be- 
come increasingly numerous during later 
stages, and their main function is to act as 
scavengers. As for the lymphocytes, their 
principal function in inflammation does not 
appear to be phagocytic but rather anti- 
toxic. 

An important factor in preventing an 
infectious agent or other cause of inflam- 
mation from extending beyond certain 
limits is the coagulation of the plasma and 
the sealing of some of the arterioles, capil- 
laries, and lymphatics by thrombosis. 
Thus, bacteria and other foreign substances 
are fixed at the site of inflammation and 
cannot be carried to the regional lymph 
nodes as readily as in normal tissue. 
Menkin’s (4—9) and Menkin’s and Warner’s 
experiments have shown this clearly. They 
have also shown that, when the bacteria 


were staphylococci, they became fixed as 


early as one hour after inoculation. When 
the infection was due to pneumococcus, 
type I, the bacteria were not fixed until six 
or more hours after inoculation. When 
the bacteria were hemolytic streptococci, 
they were carried to the tributary lym- 
phatics for almost two days after onset of 
the inflammatory reaction. 

Of equal, if not greater, importance in 
localizing the inflammation, in fixing bac- 
teria and other irritants, and in preventing 
them from being carried to the tributary 
lymph nodes, is the deposition of fibrin. 
This is an early factor in the defensive 
phase of inflammation and it also plays a 
major part in initiating the process of 
repair. 

One point which has puzzled pathologists 
for many years has been the change in the 
character of the leukocytes infiltrating an 
inflamed region after the inflammation has 
continued beyond a certain time. It has 
long been known that, after an inflamma- 
tion has proceeded for two or more hours, 
the proportion of polymorphonuclear cells 
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tends to diminish, and the proportion of 
mononuclear phagocytes gradually in- 
creases. Menkin appears to have es. 
tablished the fact that this change in rel- 
ative proportion of infiltrating leukocytes 
is related to the hydrogen-ion concentra- 
tion of the exudate. As the inflamma- 
tion develops, the carbon dioxide capacity 
of the exudate diminishes and the hydro- 
gen-ion concentration increases, and this 
is accompanied by a “shift in cellular 
composition from polymorphonuclear cells 
to mononuclear phagocytes.’’ When the 
pu falls below 6.7 or 6.5, most leukocytes 
appear to be injured and frank suppuration 
ensues. 

As for the liquid part of the exudate, 
which is made up of plasma from the blood 
and lymph from the tissues, this contains 
the antibodies, agglutinins, opsonins, and 
other protective substances which have 
been elaborated in the blood stream, as 
well as thrombin and fibrinogen, which 
play such an essential part in the forma- 
tion of fibrin. The infiltrating leukocytes 
as well as the wandering cells, on the other 
hand, contain proteolytic ferments and 
other bacteriolytic substances. 


CHRONIC INFLAMMATION 


In considering chronic inflammation, 
it must be remembered that between an 
acute and a chronic inflammation there 
is no sharp line of demarcation, and that 
the distinction between the two is largely 
an arbitrary one adopted by writers for the 
sake of convenience in description. Some 
inflammations, such as those of tuberculo- 
sis, actinomycosis, and syphilis, are essen- 
tially chronic from the start, but other 
inflammations begin as an acute process 
and, for one reason or another, continue 
until they become chronic. Outstanding 
features of chronic inflammations are the 
difference in the character of the infiltrating 
leukocytes, the diminished tendency for 
fibrin to be deposited, and the presence of 
varying amounts of connective tissue and of 
products of cellular degeneration. Poly- 
morphonuclear cells are much less numer- 
ous, lymphocytes tend to preponderate. 
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and a certain proportion of eosinophils 
and giant cells may be present. These 
cellular features vary greatly, however, in 
different stages of the same kind of in- 
flammation as well as in different kinds 
of inflammation. Thus, in an acute in- 
flammation which lasts longer than three 
or four days, a certain proportion of lym- 
phocytes is likely to be found, and this 
proportion tends to increase gradually 
as the inflammatory process continues 
beyond this period. Another point to 
bear in mind is that in some forms of 
chronic inflammation, notably in tubercu- 
losis and actinomycosis, individual lesions 
in different stages of evolution or involu- 
tion may frequently be found in the same 
territory, sometimes side by side. 


ACTION OF ROENTGEN RAYS 


Any attempt to explain the action of 
roentgen rays on inflammations must 
furnish a logical relationship between this 
action and the different phases of the in- 
flammatory process. The first point to 
consider is whether or not roentgen rays 
act directly on bacteria. Many experi- 
ments have shown that some varieties of 
bacteria, when they are exposed to suf- 
ficiently large doses of rays, are destroyed 
and no longer have the power to grow, 
but, in order to produce this effect, doses 
of rays much larger than those used in 
treating human beings usually have to be 
employed. And these doses are relatively 
much greater still when they are compared 
with the small doses required to treat acute 
inflammation, or even when compared with 
the somewhat larger doses used to treat 
chronic inflammation. Other varieties of 
bacteria do not appear to be influenced di- 
rectly even to this extent. The action of 
the rays on acute inflammations cannot, 
therefore, be attributed to a direct bac- 
tericidal effect of the rays. 

The objection has been made that thin 
layers of bacterial growth in a Petri dish 
hardly represent a test of the power of 
roentgen rays to influence the growth of 
bacteria because, it has been claimed, or- 
ganisms spread in such thin layers do not 
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allow for much scattering of the rays. 
While this objection may have some val- 
idity, it does not account satisfactorily 
for the lack of any convincing evidence 
that, when inflammations are exposed to 
a small dose of rays, the beneficial effect 
is due to the direct action of the rays on 
the bacteria. If the rays acted in this 
manner, evidence of direct bactericidal 
effect would certainly be much more 
abundant. 

The second point is whether the rays 
act mainly on the body fluids or on the 
cells. There is evidence that the rays 
do act on the body fluids (blood, plasma, 
and lymph), but much of this evidence 
indicates that the action is largely in- 
direct; in other words, most of the changes 
in the fluid part of the blood, in the plasma 
or lymph, appear to be secondary to the 
direct action of the rays on the blood cor- 
puscles or on tissue cells of different kinds. 
It must not be inferred that no direct 
changes whatever are induced in the body 
fluids by irradiation. On the contrary, 
some changes almost certainly are pro- 
duced, but these are less prominent and 
less readily observable than are the cellular 
changes. It is perhaps for this reason 
that the evidence of these effects on the 
body fluids is so much less abundant. 

When the cellular changes caused by 
exposure to the rays are considered, the 
contrast is striking. As far as our knowl- 
edge goes, changes of this kind constitute 
the bulk of the evidence now available. 
And from what is known of these changes, 
there is every reason to believe that they 
are much more important than the largely 
indirect changes in the tissue fluids. 

It is well established that each variety 
of cell in the body has a specific range of 
sensitiveness to roentgen rays. So true is 
this that it is possible to arrange the dif- 
ferent kinds of cells according to their 
range of sensitiveness, and it is also pos- 
sible to recognize some varieties of tumors 
by the sensitiveness of the cells of which 
they are chiefly composed. Elsewhere I 
have submitted part of the evidence which 
substantiates this contention. From this 
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evidence it is clear that, among the differ- 
ent kinds of cells in the body, the leuko- 
cytes are the most sensitive to roentgen 
rays. Of the leukocytes, the lymphocytes 
are the most sensitive, but the large mono- 
nuclears, the polymorphonuclears, and the 
eosinophils are only slightly less sensitive. 
Physicians in general, and, indeed, many 
radiologists, do not realize how very sensi- 
tive these cells are. Recently, for ex- 
ample, Pendergrass and Hodes questioned 
“whether the more resistant polymorpho- 
nuclear cells are destroyed by doses of 
75 r to 200 r commonly used for localized 
infections.’”’ The direct evidence bearing 
on this point is relatively meager, but the 
indirect evidence is abundant. One has 
only to remember what happens to the 
leukocytes, including the polymorphonu- 
clear cells, in leukemia to realize how sensi- 
tive these cells are. It is true, as pointed 
out above, that the lymphocytes are 


slightly more sensitive than the polymor- 
phonuclears, but the difference between 
them in this respect is much less than is 


often assumed. Soon after exposure to a 
small or moderate dose of roentgen rays, 
destruction of lymphocytes in lymphoid 
structures and in the circulating blood 
can be observed. As for the polymorpho- 
nuclear cells, exposure to the same dose is 
often followed for a few hours by an in- 
crease in the number of these cells; this 
transient increase may continue from six 
to twenty-four hours, after which the num- 
ber of the cells falls below normal. In 
other cases, the transient increase in the 
number of polymorphonuclear cells after 
irradiation is not observed; the cells di- 
minish in number from the start. Ineither 
event, how great the reduction in number 
may be and how long it may last depend 
mainly on the dose of rays and on the 
volume of body tissue irradiated, though 
individual variation also is a factor of con- 
siderable importance. 

In some of my early papers on the treat- 
ment of acute inflammations I placed too 
much emphasis on the susceptibility of the 
lymphocytes and on destruction of these 
cells as perhaps the major factor in the 


. DESJARDINS March 1942 
effect of the rays on lesions of this kind. 
Since then, I have attempted to correct 
this misleading impression. During the 
early phase of acute inflammations the 
polymorphonuclear cells preponderate. As 
the inflammatory process continues, the 
mononuclear macrophages gradually jn- 
crease in number, and later still, when 
the inflammation extends beyond a few 
days, an increasing number of lympho- 
cytes may also be present. The more 
acute the inflammation and the shorter its 
course, therefore, the greater the likelihood 
of a preponderance of polymorphonuclear 
cells and mononuclear macrophages; and 
the more prolonged and less acute the in- 
flammation, the greater the proportion of 
lymphocytes. 

Anyone who undertakes to analyze the 
experimental evidence soon becomes aware 
that roentgen rays not only have a de- 
cidedly deleterious action on these im- 
portant varieties of leukocytes, but that 
this action is surprisingly rapid. When 
the effect of irradiation on inflammatory 
lesions is closely observed, the rate and 
manner of their response are often so 
similar to that of the leukocytes under 
experimental conditions that a relation- 
ship between the two is almost inescapable. 

What happens to the leukocytes which 
infiltrate an inflamed region when this 
region is exposed to roentgen rays? Cer- 
tainly, there is no good reason to think 
that leukocytes would or could behave 
differently under these circumstances 
than they are known to behave in the 
body of an animal or human being under 
experimental conditions. It is probable 
that a proportion of these leukocytes are 
destroyed, and the cells disintegrate just 
as effectively as the same varieties of cells 
have been shown to disintegrate in the 
body of an animal following experimental 
irradiation. And the contents of the de- 
stroyed leukocytes, including the bac- 
teriolytic substances which they contain, 
are scattered between the remaining in- 
tact cells and in the tissue fluids of the in- 
flamed region. 

As the disintegration of leukocytes pro- 
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ceeds, this is accompanied or followed by 
an increase in phagocytosis, which appears 
to be an indirect effect. As observed in 
different experiments on normal tissues, 
some of the reticular cells assume a phago- 
cytic property. Whether or not a similar 
eflect occurs in an inflammatory process 
js not clear, but at least there is no evi- 
dence that such an effect does not occur. 
However, the notable increase in phago- 
cytosis by polymorphonuclear cells and 
mononuclear macrophages, independent of 
irradiation, would make it difficult to 
recognize any increase in this factor which 
might be secondary to the cellular action 
of the rays. 

It has long been known that in inflam- 
mations caused by streptococci, notably 
by hemolytic streptococci, leukocytic in- 
filtration is much less pronounced than 
when the inflammation is caused by 
staphylococci. Not infrequently, in fact, 
leukocytic infiltration is hardly perceptible. 
Much the same is true in other inflamma- 
tions caused by virulent microorganisms, 
such as Clostridium welchui. Aninteresting 
point is that these inflammations do not 
respond so well when exposed to a single 
dose of roentgen rays but appear to do 
much better when exposed repeatedly to 
small doses at short intervals. Proof 
that this difference in the effect of irradia- 
tion is related to the relative paucity of 
infiltrating leukocytes has not yet been 
presented, but the circumstantial evi- 
dence suggests that such a relationship 
may well exist. 

Recently, Pendergrass and Hodes have 
expressed the opinion that the action of 
roentgen rays on acute infections is due to 
vascular changes induced by irradiation 
rather than to a leukocytolytic action. 
They admit that ‘in the chronic inflam- 
matory processes, however, in which larger 
total doses of radiation are usually em- 
ployed, the destruction of leucocytes 
and young fibroblasts may be of signifi- 
cance.’" This would imply a belief that 
telatively large doses of radiation are re- 
quired to destroy leukocytes, and that the 
mability to accept the idea that the main 


action of the rays in acute inflammations 
is basically the same is partly because acute 
inflammations are rapidly influenced by 
doses which, to them, seem too small to 
destroy leukocytes. 

The conception that the action of roent- 
gen rays on acute and on chronic inflamma- 
tions rests on a different fundamental basis 
seems irreconcilable with the known facts. 
It is true that chronic inflammations re- 
spond best to doses somewhat larger than 
those required for acute inflammations. 
In the former, moreover, the treatment 
must be repeated a number of times at 
suitable intervals, while in the latter a 
single exposure to a small dose is often 
sufficient. As is well known, chronic in- 
flammations are characterized by varying 
degrees of leukocytic infiltration, prolifera- 
tion of connective tissue, and hyaline, 
caseous, or calcareous degeneration. In 
all probability, the relative proportion of 
these factors has an important bearing on 
the action of the rays. Since it is the 
product of cellular degeneration, caseous 
or calcareous degeneration should not be 
influenced by irradiation, and this is pre- 
cisely what is observed in practice. Con- 
nective-tissue cells are much less sensitive 
to the rays than polymorphonuclear leuko- 
cytes, large mononuclears, or lymphocytes. 
Correlation of these several factors seems 
to indicate that the greater the degree of 
leukocytic infiltration, the more marked 
and the more rapid is the influence of 
treatment, and vice versa. It seems prob- 
able that leukocytic infiltration on the 
one hand, and connective tissue prolifera- 
tion on the other, act in opposite directions, 
the former tending to increase the effect of 
irradiation and the latter tending to di- 
minish or retard this effect. 

I have already indicated that the leuko- 
cytes are much more sensitive to irradia- 
tion than most physicians realize. To 
make this clear would require a detailed 
analysis of many experiments and of many 
clinical observations. This, however, is 
impossible in a paper of this kind. More- 
over, much of this evidence has been sub- 
mitted elsewhere. But anyone who will 
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take the trouble to read carefully War- 
thin’s report of his experiments cannot fail 
to be impressed. By arranging his histo- 
logic technic so that sections for micro- 
scopic study could be prepared within 
fifteen minutes after exposure to the rays, 
Warthin was able to observe disintegra- 
tion of leukocytes as early as this. To be- 
come perceptible within such a short time 
the disintegration of the cells must have 
started as soon as the exposure began and 
must have proceeded rapidly. To speak 
of a latent period under these circum- 
stances is merely to deceive oneself. In 
the case of leukemia a moderate dose of rays 
may cause the number of leukocytes in the 
circulating blood to diminish 50,000 or 
even 100,000 per cubic millimeter of blood 
in a single day. In spite of facts such as 
these, and many others, some physicians 
cannot recognize the great sensitiveness of 
leukocytes to roentgen rays. 

Pendergrass and Hodes referred to ex- 
periments carried out by Hodes and Grif- 
fith but, since these experiments have not 
yet been published, it is impossible to 
analyze them and to determine their pos- 
sible significance. It is possible that vas- 
cular changes and the resulting increase in 
blood flow through the capillary plexus of 
the inflamed region may have an impor- 
tant, and perhaps even a fundamental, 
bearing on the problem of the action of 
roentgen rays on acute inflammatory le- 
sions. But if irradiation of an acute inflam- 
matory process causes vascular changes 
and if the beneficial effects of the rays are 
due to these changes, more pronounced 
changes of the same kind should occur 
after the larger doses used in the treat- 
ment of chronic inflammation, and chronic 
inflammations should therefore respond 
even more rapidly than acute inflamma- 
tions. Unfortunately, as every therapeu- 
tic radiologist is well aware, this is not 
true. 

The varieties of cells of which blood 
vessels are composed are, in comparison 
with leukocytes, much less sensitive to 
roentgen rays. A direct action on the 
endothelial lining or on the connective- 
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tissue cells of the media of the vessels re- 
quires a dose of rays sufficient to tax the 
tolerance of the overlying skin. It seems 
extremely doubtful, therefore, that the 
small or moderate doses used in treating 
inflammations could have a direct action 
on the cellular components of the blood 
vessels. Some indirect action may be 
produced, but convincing evidence has not 
yet been furnished. 


Mayo Clinic, Rochester, Minn. 
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The Value of Roentgen Therapy in Pneumonia Which 
Fails to Respond to the Sulfonamides’ 


J. P. ROUSSEAU, M.D., W. M. JOHNSON, M.D., and GEORGE T. HARRELL, M.D.? 
Winston-Salem, N. C. 


HE VALUE OF irradiation in some of the 
_. and chronic inflammations can 
no longer be doubted by anyone familiar 
with the repeated favorable response ob- 
served when this method of treatment is 
judiciously employed. 

While much valuable scientific and ex- 
perimental research on the effects of ir- 
radiation in inflammatory tissue has been 
done, the exact mechanism of its action in 
infections has not as yet been made clear. 
This, however, does not in the least de- 
tract from its practical value nor should it 
deter us from its use in those cases in which 
it is indicated. 

The valuable observations of Fried 
1), Desjardins (2, 3), Hodges (4), Quimby 
and Quimby (5), and Pendergrass and 
Hodes (6) have contributed much to our 
understanding of the favorable reactions 
observed with roentgen therapy in the in- 
fections. Within recent years, the re- 
ports of Powell (7, 8, 9), Fried (10), Edsall 
and Pemberton (11), Merritt and Mc- 
Peak (12), Solis-Cohen and Levine (13), 
and Settle (14) have aroused much inter- 
est in this method of treating pneumonia. 
These authors have shown favorable and 
uniform results in well controlled groups of 
lobar pneumonia patients treated with 
small doses of x-ray. The fundamental 
principles involved are the same as those 
for the x-ray treatment of any of the other 
acute infections. 

The present paper will be limited to 
certain observations made on the analysis 
of two series of acute lobar pneumonia 
patients treated since 1937. In the first 
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series no specific drug or serum was used 
in any case. Only x-rays and the usual 
supportive and symptomatic measures 
were employed. In the second series, x- 
ray treatment was used only after what 
seemed to be a thorough trial of sulfon- 
amide therapy, over a period of not less 
than three days or more than seven days, 
plus the usual routine medical care. 

In the winters of 1937, 1938, and 1939, 
we treated with small doses of x-ray, at the 
City Memorial, Reynolds Colored Memo- 
rial, and North Carolina Baptist Hospitals, 
176 unselected and consecutive cases of 
pneumonia. Seventy-two of these patients 
were found by repeated sputum and roent- 
gen examinations to have atypical broncho- 
pneumonia or lobar pneumonia due to 
non-pneumococcic and mixed infections. 
The remaining 104 patients had acute 
pneumococcic lobar pneumonia. A pneu- 
mococcus of one type or another was found 
to be the predominating organism in the 
sputum, which was typed by the Neufield 
method . 

Inasmuch as our chief interest in the 
treatment of pneumonia centered around 
the pneumococcic type, all other cases are 
eliminated from this report by strict ad- 
herence to the following criteria: (a) 
a positive clinical diagnosis by the attend- 
ing physician and resident medical staff; 
(6) confirmation of the diagnosis by bed- 
side x-ray film; (c) additional confirmation 
by recovery of the pneumococcus from 
the sputum and typing. 

The roentgen treatment was given as 
soon as possible after admission to the 
hospital. The technic was the same in 
general plan as that used by Powell, 
Solis-Cohen, Settle, and others. The fac- 
tors were 120 kv.p., 3 mm. aluminum 
filter, 40 cm. T.S.D., 18 r (in air) per min- 
ute, 200 r (in air) at a single dose, repeated 
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Fig. 1. Lobar pneumococcic pneumonia; 200 
roentgens to anterior right chest immediately after 
admission. Prompt response to irradiation, with 
complete recovery, temperature, pulse, and respira- 
tion showing gradual decline to normal over three- 
day interval. 


at intervals of thirty-six hours, if neces- 
sary, for one, two, or three doses. The 
field was large enough to cover a wide area 
of uninvolved lung around the consoli- 
dated area shown on the x-ray film. An 
anterior port was used for the first treat- 
ment and a posterior port for the second 
treatment. All patients were treated in 
bed so that they would not be disturbed 
any more than was necessary. 

The following post-radiation procedures 
were employed: daily white blood cell 
count and Schilling differential count; 
repeated blood cultures for the duration of 
the illness; repeated bed-side films of the 
chest to show progress of consolidation 
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Fig. 2. Massive lobar pneumonia of left lung; 
patient ill three days before admission; 200 roent- 
gens on second hospital day at 4 p.m., followed by 
clinical improvement but little change in tempera- 
ture. Second treatment, 24 hours later, followed by 
rapid lysis and complete recovery. 


and resolution; daily clinical and physical 
examinations by the medical staff: 
Statistical analysis of this group shows: 


Total number of cases..... 104 
ee 98 
oe ae ws pide 6 
Mortality rate... . ere S 
Age.... ne eerie ae 9 weeks to 94 years 
Average age.... seccess 20-0 Yomts 
Average duration of illness 
before treatment........ 2 days 


From this analysis, together with cer- 
tain clinical observations, the following 
conclusions seem justified : 

1. The mortality rate in this series of 

cases (5.7 per cent) was considerably 
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Fig. 3. Lobar pneumonia; 200 roentgens to an- 
terior chest immediately after admission, followed gens to left anterior chest on the second hospital 
by clinical improvement. Temperature normal on day. Prompt response: rapid lysis and complete 


fourth hospital day. recovery. 
lower than the previous ten-year rapid lysis in the majority of cases, 
mortality rate of 28 per cent for reaching normal within twenty-four 
pneumonia in our community. to forty-eight hours after the initial 
Improvement was often noted by the decline. 
patient before any alteration in the 4. The leukocyte count decreased simul- 
temperature, pulse rate, and physical taneously with the fall in the tem- 
findings could be detected. Many perature. 
patients stated that they felt better, 5. Clinical improvement was well de- 
coughed less, and had less pain in the veloped before any change could be 
chest within six to twelve hours after demonstrated by x-ray in the con- 
treatment. solidated area. 
A fall in the temperature, pulse, and 6. Resolution of the consolidation 
respiratory rate was usually mani- seemed to be similar to the resolution 
fested in twelve to thirty-six hours occurring in patients treated by any 
after the first treatment. The earlier other method. 
the treatment was started the more 7. The presence of granulopenia was 
favorable appeared to be the re- definitely a bad prognostic sign. 
sponse. The temperature fell by Both of the 2 patients showing a 
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Fig. 5. Acute lobar pneumococcic pneumonia; 
200 roentgens to anterior chest second hospital 
day. Prompt response. Temperature decline 
by rapid lysis. Complete recovery. 


shift to the left in differential count 
died. 

The presence of bacteremia was like- 
wise a grave prognostic sign. Four 
of 9 patients with bacteremia died; 
5 recovered, but the pneumococcus 
in these was of the higher types and 
was thought to be less virulent. All 
deaths in this series occurred in pa- 
tients with bacteremia, granulopenia, 
or both. 

There is no known artificial method of 
stimulating the bone marrow to pro- 
duce leukocytes in the patients with 
granulopenia. In our granulopenic 
cases, sterile turpentine abscesses, 
pentnucleotides, liver extract, and 
foreign protein injections failed to 
increase the total white cell count. 


10. The convalescence time in this series 
was reduced to about half that usy. 
ally observed in pneumonia. The 
average stay in the hospital was 12.5 
days. 

11. No deleterious or untoward reactions 
from the radiation treatment could 
be detected locally, in the skin 
lungs, or blood stream in any of the 
cases. 


Figures 1, 2, 3, 4, and 5 are x-ray films 
of the chests, with accompanying repro- 
ductions of the temperature charts, in 
representative cases in this series, selected 
to illustrate the progress of the disease in 
patients responding favorably to roentgen 
treatment. Figures 6 and 7 are typical 
illustrations of cases in which death oc- 
curred and in which no favorable effect 
whatever could be detected at any time 
after roentgen treatment was given. Both 
these patients had granulopenia with a 
shift to the left, and one had bacteremia, 
Each received only one x-ray treatment, 
because of the fear that radiation might 
still further reduce the total white cell 
count. 

Since 1939, when the sulfonamides came 
into general use, and proved so effective in 
the treatment of pneumonia, we have had 
but few requests for roentgen therapy. 
We have treated occasional cases of pneu- 
monia in which the sulfonamides had not 
been used, and in these the results continue 
to compare favorably with those in the 
series analyzed above. 

We have fortunately been able to collect 
a small series of patients treated with x- 
ray who had previously been energetically 
treated for a period of from three to seven 
days with a sulfonamide. In this group of 
cases, it was evident that the course of the 
disease had not been favorably affected in 
any way by sulfonamide therapy. The 
patients were growing rapidly and progres- 
sively worse with adequate doses of the 
drug. By all clinical standards, it ap- 
peared that death was inevitable in all 
cases in this group. 

The methods of establishing and proving 
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Fig. 8. Lobar pneumonia of right lung. Sulfon- 
amide therapy for first four hospital days with no 
improvement. Irradiation, 200 roentgens to right 
anterior chest, at noon on fourth hospital day, and a 
second roentgen treatment 24 hours later, with 
usual response and full recovery by rapid lysis. 


but especially in the aged, the dehydra- 
tion and inanition resulting from in- 
tense nausea or from simple anorexia 
induced by the sulfonamide may bring 
about a fatal outcome, even after 
defervescence. X-ray therapy has 
been found strikingly free from any 
toxic side-effects and the mortality 
rate with this form of treatment com 
pares favorably with that in the 
groups treated by the sulfonamides or 
by serum. 


























5.35. 


Fig. 9. Massive lobar pneumonia of left lung. 
Patient treated five days with sulfonamides before 
admission to hospital. Irradiation with 200 roent- 
gens to left anterior chest wall immediately after 
admission. Prompt recovery. Fall in temperature 
and pulse, and clinical improvement by slow lysis. 


2. The sulfonamides are of great value 
in the treatment of pneumococcic 
pneumonia, but the mortality rate 
still remains too high. It may be 
argued that some or all of the patients 
in this series continued to be ill be- 
cause of sulfonamide fever. If this 
were true, they should not have shown 
all the clinical evidence of severe 
pneumonic illness together with con- 
solidation on the x-ray film, in which 
no evidence of resolution could be de- 
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tected. No patient in this series had 
been treated with a sulfonamide longer 
than seven days, and it is our impres- 
sion that sulfonamide fever rarely 
develops before ten to twelve days of 
treatment. 

The response to roentgen treatment in 
this series was the same as that pre- 
viously noted in cases in which the 
sulfonamides had not been used. The 
change for the better, as evidenced by 
a fall in the temperature, pulse, re- 
spiratory rate, and white blood count, 
occurred about the same number of 
hours after the treatment, and resolu- 
tion of the consolidation in the lungs 
progressed in the same manner. 

No ill effects from x-ray could be de- 
tected in patients already saturated 
with sulfonamide drugs for a period 
of three to seven days. Because of 
Kelly’s warning that the combina- 
tion of x-ray and sulfonamides in the 
treatment of infections might be harm- 
ful, the drug was discontinued im- 
mediately upon making the decision to 
try x-ray treatment. 

Perhaps a few patients are kept on sul- 
fonamides too long, when by the addi- 
tion of x-ray some of them might be 
saved. 

Analysis of the statistical data on 
page 285, shows that 79 per cent of 29 
patients who obviously were not re- 
sponding to chemotherapy recovered 
after the administration of x-rays. 

The presence of bacteremia and granu- 
lopenia was again found to be of the 
gravest prognostic significance. All 
patients with bacteremia and granulo- 
penia died. 

In all the patients who died, the 
interval elapsing between the x-ray 
treatment and death was less than 
fifteen hours. Three died within one 
hour, one died in the fifth hour, two 
in the tenth hour, and one in the fif- 
teenth hour. All patients surviving 
as long as fifteen hours after the 
treatment completely recovered. This 
Suggests, first, that many of these 


Fig. 10. Lobar pneumonia of right upper lobe, 





treated two days before admission and two days 
after admission with a sulfonamide. No response 
noted. On third hospital day, 200 roentgens to 
right anterior chest, followed within 24 hours by 
clinical improvement and rapid lysis. Complete 
recovery 


cases were hopeless before institution 
of treatment and, secondly, that x-ray 
may not exert its maximum effect on 
the course of the disease for fifteen 
to twenty-four hours. This observa- 
tion is, we believe, borne out by the 
fact that changes in the temperature, 
pulse, respiration, and white blood 
count are usually not demonstrable 
until fifteen to thirty-six hours after 
x-ray treatment. 

There is apparently no contraindication 
to the use of x-rays in patients with 
pneumonia who have previously re- 
ceived therapeutic doses of a sulfon- 
amide. We believe that the drug 
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11. Massive lobar consolidation of right Fig. 12 Lobar consolidation of right upper lobe 
lung. Treatment with sulfonamides four days be- Patient ill two days before admission and treated with 
fore admission to hospital. No improvement. sulfonamides for four days in the hospital without 
Irradiation—200 roentgens to right anterior chest improvement. Blood culture positive. Pneumococ- 
on second hospital day, followed by rapid lysis and cus type VII. Immediately following x-ray treat- 
complete recovery. ment there was a gradual step-ladder like decline in 

temperature, with complete recovery, the temperature 
: . — . reaching normal with a gradual daily decline over a 
should be stopped when irradiation is _ period of three days following irradiation 
instituted, until more is known about 
the biological, physiological, chemical, 
and immunological reactions of both 
these agents. 


the assumption that roentgen therapy is 
of definite value in pneumonia patients 
who fail to show a satisfactory response to 
Figures 8, 9, 10, 11, and 12 are films and sulfonamide therapy is justifiable. 
reproductions of the temperature charts The action of x-rays in acute infections 
in 5 typical cases in this series with re- is not as yet satisfactorily explained. 
covery. By comparison with the films Many theories have been advanced by 
and temperature charts in the first series, various investigators, and sooner or later 
the close similarity in the response of the conclusive proof of how and why small 
two groups of cases is clearly demonstrated. doses of x-ray have a favorable influence 
While this series is admittedly small, on inflammatory processes will be estab- 
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fished. In 1938 we started some experi- 
mental work on animals in the treatment 
of pneumonia, and one of us (Harrell) 
js continuing this research with pneu- 
mococcic infections in the laboratory 
animal. We hope that this will, in time, 


throw additional light on this complex 
problem. 


726 Nissen Building 
Winston-Salem, N. C 
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Roentgen Therapy for Acute Sinusitis’ 


WALTER C. POPP, M.D.,? a 
Mayo Clinic, 


hy June 1940 we presented a _prelimi- 
nary report of our experience in the use 
of roentgen therapy for acute sinusitis 
(6). We have since continued the use of 
this method of treatment and shall pre- 
sent in this paper a comparative study 
of the preliminary report and recent re- 
sults. Since the treatment of acute sinu- 
sitis with roentgen rays is relatively new, 
we believe that a brief review of the litera- 
ture is indicated. 

Dysart (2) in 1939 and Gatewood (3) 
in 1940 published extensive reviews of the 
literature on the use of roentgen therapy 
in otolaryngology. Dysart, who was seem- 
ingly in favor of the method, was able to 
discover many reports favorable to this 
mode of treatment. Gatewood, on the 
other hand, reported many unfavorable 
observations. It is interesting to note 


that only in an article by Heidenhain and 


Fried did either author duplicate the 
other’s review. For this reason one article 
is an excellent supplement to the other; 
between them they cover the literature so 
thoroughly as to render any duplication of 
their efforts superogatory. 

Dysart quoted Desjardins, and Gate- 
wood quoted Larsell and Fenton, to the ef- 
fect that roentgen treatment depends on 
destruction of the leukocytic infiltration 
in the submucosa of the sinuses. Des- 
jardins expressed the belief that this de- 
struction makes the protective substances 
within the cells more readily available for 
defense purposes than they are in the in- 
tact cell. Larsell and Fenton attributed 
the effect of roentgen rays to the destruc- 
tion of the lymphocytic infiltration alone, 
the breaking down of which causes an 
increase in the number of macrophages in 
the submucosal tissues. 

1 Presented before the Radiological Society of North 


America, at the Twenty-seventh Annual Meeting, 


San Francisco, Calif., Dec. 1-5, 1941. 
2 Section on Therapeutic Radiology. 


3 Section on Otolaryngology and Rhinology. 


nd HENRY L. WILLIAMS, M.D.* 


Rochester, Minn. 


Dysart concluded that a review of the 
literature on roentgen therapy of inflam- 
matory conditions shows much favorable 
and little unfavorable evidence. He ex- 
pressed the belief that in acute conditions 
treatment should be started as early as 
possible and that small doses produce bet- 
ter results than large doses. He reported 
several cases of acute sinusitis in which 
roentgen irradiation was beneficial. 

Gatewood, on the other hand, stated 
that the fact that most of the literature on 
the subject of the treatment of sinusitis 
with roentgen rays had been produced by 
radiologists made it difficult to evaluate 
the end-results reported. He felt that 
roentgen ‘therapy for any form of sinusitis 
was in the earliest experimental stage and 
that it was essential for the rhinologist to 
make the final examination in order to 
avoid erroneous conclusions. 

In a recent paper Kornblum (4) also 
reviewed the literature on roentgen ther- 
apy in sinusitis. He did not present 
statistical data of his own, but his conclu- 
sion, based on his experience in some 400 to 
500 cases, is as follows: ‘‘Anyone who 
uses roentgen therapy for sinusitis with 
an open mind, in properly selected cases, 
with proper roentgen technic, and under 
proper clinical supervision is certain to be 
convinced of its effectiveness and value 
as an adjunct to our present therapeusis of 
sinusitis.” 

From the reviews of Dysart and Gate- 
wood it is obvious that Dysart reported 
results in treatment of acute conditions, 
whereas Gatewood dealt with chronic 
conditions alone. These papers are typical 
of the lack of unanimity of reports on the 
use of roentgen therapy for sinusitis. It 
was thought, therefore, that a roentgenol- 
ogist and a rhinologist working together 
might resolve some of the difficulties 
and doubts which previous reports had 
raised. Accordingly the following at- 
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tempt has been made to evaluate the re- 
sults of applying roentgen therapy to 
patients suffering from acute sinusitis. 

The cases in each series were divided, 
on clinical grounds, into moderate and 
severe types. Cases assumed to be of 
moderate type were those in which the 
patient would tolerate a repetition of firm 
pressure over the affected sinus or sinuses 
and in which the pain did not require mor- 
phine for relief or did not seriously inter- 
fere with sleep. Cases regarded as of 
severe type were those in which the pa- 
tient would not willingly submit to a repe- 
tition of moderately firm pressure over the 
involved sinuses and in which the pain 
and headache were severe enough to pre- 
vent sleep or to require morphine for 
relief. Cases in which the patients were 
ill enough to require hospitalization or had 
an associated condition such as acute 
hemorrhagic nephritis or orbital abscess 
were also included in the severe group. 

Good results implied disappearance of 
pain within one to six hours after the 
roentgen treatment, disappearance of ten- 
derness within the same interval, disap- 
pearance of congestion from the nasal 
mucosa, and cessation of discharge into the 
nasal chambers from the sinuses. The 
majority of the patients received addi- 
tional treatment by the Dowling pack 
method, although in many cases relief by 
this method had failed to ensue before 
roentgen therapy was instituted. In the 
cases in which the patients were ill enough 
to require hospitalization, hot compresses 
were used in addition. For a few of the 
more severely ill patients sulfonamide 
drugs also were employed. 

It was thought that the patients selected 
for study were ill enough and had suf- 
ficiently marked symptoms so that they 
would offer at once a severe test of the 
method of therapy and an opportunity for 
definite evaluation. The fact that more 
than one therapeutic method was used 
m many of the cases in this series makes it 
necessary to confine ourselves to reporting 
clinical impressions rather than definite 
percentages of improvement. The latter 


feat is rendered additionally difficult by 
the fact that acute sinusitis tends to 
spontaneous recovery, that is to say that in 
evaluating any method of therapy in this 
infection one is assessing the effectiveness 
of the defense mechanisms of the body in 
addition to the effect of the specific therapy 
used. 

The preliminary report concerned 56 
patients: 31 cases were classified as se- 
vere and 25 as moderately severe. Because 
of reports in the literature that treatment 
was more effective early in the course of 
the infection than later on, both groups 
were arbitrarily divided into those in 
which symptoms had been present for one 
to five days before the beginning of treat- 
ment and those in which symptoms had 
been present more than five days. 

In the group of cases of severe sinusitis, 
of those in which pain and tenderness had 
been present from one to five days be- 
fore roentgen therapy was _ instituted, 
there were 6 in which these symptoms ceased 
within six hours after the first treatment 
and one in which pain and tenderness dis- 
appeared abruptly after the second treat- 
ment. These results were classified as 
good. In an additional case, in which 
rather heavy doses had been used, symp- 
toms were increased for three days and 
then abruptly disappeared with complete 
cessation of nasal discharge and inflamma- 
tory swelling of the nasal mucosa on the 
evening of the third day. In 2 other cases, 
pain and tenderness continued until after 
the third treatment, when they suddenly 
disappeared. These were classified as 
moderately good results. In 3 cases no 
apparent effect from the application of 
roentgen therapy could be noted. 

There were 18 cases in which severe sinu- 
sitis had been present for more than five 
days. In 9 of these pain and tenderness 
disappeared after the first treatment, and 
in 2 after the second treatment. These 
were assumed to be good results. Pain and 
tenderness disappeared in one case after 
the third treatment. This was regarded 
as a moderately good result. In 6 cases 
no apparent effect of roentgen therapy 
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could be noted. In one of these cases 
trephination was required because of edema 
over the frontal area and high fever with 
leukocytosis suggesting beginning frontal 
osteomyelitis. Another patient in this 
group had a complicating orbital abscess 
and an abscess of the frontal lobe. This 
patient died three months later from the 
effect of the frontal lobe abscess. This is 
the only death in the series. 

Twenty-five patients were classified as 
having moderately severe sinusitis. These 
were also arbitrarily divided into a group 
in which symptoms of pain and tenderness 
had been present for one to five days be- 
fore the beginning of treatment and one in 
which they had been present for more than 
five days. Of the 9 cases in which symp- 
toms had been present for one to five days, 
there were 8 in which pain and tenderness 
disappeared after the first roentgen treat- 
ment and one in which such response was 
delayed until after the second treatment. 
In no case in this group was there failure 
to respond to treatment. 

Of the 16 cases in which pain and tender- 
ness had been present more than five days, 
there were 8 in which there was com- 
plete remission of these symptoms within 
six hours after the first roentgen treatment. 
In 6 cases only a moderately good result 
was obtained. One patient who received 
an unusually heavy dose had an increase 
of pain and tenderness for four days with 
an abrupt cessation at the end of that time 
of all symptoms of sinusitis, including 
pain, tenderness, discharge, and evidence 
of congestion of the nasal mucosa. In 4 
other cases, although pain and tenderness 
were relieved, discharge into the nose 
seemed unusually prolonged. In another 
case in which the patient apparently se- 
cured complete relief after the first treat- 
ment, there was a recurrence of symptoms 
two weeks later which required the re- 
moval of a diseased pharyngeal bursa and 
submucous resection of the nasal septum. 
In 2 cases there was no apparent effect from 
roentgen therapy. 

The recent survey included 43 patients. 
Twenty-two cases were classified as severe 
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involvement, and 21 moderately severe. 
As in the preliminary survey, both groups 
were arbitrarily divided into those jn 
which symptoms had been present for one 
to five days before the beginning of treat. 
ment and those in which symptoms had 
been present more than five days. 

In the group of severe cases in which 
pain and tenderness had been present from 
one to five days before treatment was in- 
stituted, there were 10 in which these 
symptoms disappeared after the first treat- 
ment and 2 in which they disappeared 
abruptly after the second treatment. In 
2 other cases the symptoms disappeared 
only after the third treatment. These 
were considered as fair results. 

There were 8 cases in which severe 
sinusitis had been present more than five 
days. In 4 of these the symptoms disap- 
peared after the first treatment and in 3, 
after the second treatment. Pain and 
tenderness disappeared after the third 
treatment in one case and this was as- 
sumed to be a fair result. 

Twenty-one patients were classified as 
having moderately severe sinusitis. These 
were also arbitrarily divided into a group in 
which symptoms of pain and tenderness 
had been present for one to five days and 
one in which symptoms had been present 
more than five days before the beginning 
of treatment. Of the cases in which symp- 
toms had been present from one to five 
days, there were 8 in which these disap- 
peared after the first treatment and 2 in 
which they disappeared after the second 
treatment. In one case no response to 
treatment occurred. In 10 cases pain and 
tenderness had been present for more than 
five days. In 5 of these the symptoms dis- 
appeared after the first treatment and im 
one after the second treatment. Three 
treatments were necessary in one case. 
This was considered a fair result. In 3 
cases there was no apparent effect from 
roentgen treatment. 


METHOD OF TREATMENT 


Because of our experience in other acute 
inflammatory conditions, we felt that acute 
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sinusitis might be treated equally well with 
relatively small doses of roentgen therapy. 
Only those sinuses giving symptoms and 
showing objective evidence of involvement 
were irradiated. If a diagnosis of pansinu- 
sitis was made, all sinuses were treated. 

In cases in which symptoms had been 
present for one to five days, doses of 50 r 
were used, and in those cases in which the 
symptoms had been present more than five 
days, 75 to 100 r were given. Treatments 
were repeated on alternate days and num- 
bered from one to three, depending on the 
symptomatic response. The treatments 
were given with voltages generated at 130 
kv. (constant potential), filtered through 
§ mm. of aluminum except for children, for 
whom a filtration of 4 mm. of aluminum 
was used, at a distance of 40 cm. 

In the preliminary series, treatments 
were given through one field to cover both 
frontal areas and one field each for the 
maxillary sinuses, thus using three areas, 
the eyes and eyebrows being carefully pro- 
tected. In the recent series we treated all 
patients through two fields, dividing the 
face vertically into two equal parts, using 
the nose as the midline. Treatments were 
given at an angle of about 45 degrees, con- 
verging toward the nose. The eyes were 
not protected while the treatment was be- 
ing given. We felt that this method per- 
mitted a much more thorough irradiation 
of all the sinuses as well as the natural 
ostia. 


COMPARISON OF RESULTS 


In Table I it will be noted that there is 
a fair improvement in the results obtained 
in the recent series. Since the same 
criteria for the selection of cases were used 
for each series and the treatments were 
given under the same circumstances, we 
believe that the improvement in the per- 
centage of good results is the consequence 
of rearrangement of the fields of exposure. 


CLINICAL IMPRESSIONS 


Relief of pain and headache is the most 
striking effect of roentgen therapy in acute 
Situsitis. Such relief is noted early in cases 


TABLE I: COMPARISON OF RESULTS IN TWo SERIES OP 
CASES 
Total 
Cases Good Results 


Both series 99 70 (70.7%) 
Comparison according to severity of cases 
Moderately severe 46 33 (71.7%) 
Severe 53 37 (69.8%) 


Comparison of former and recent experience 
Former 56 35 (62.5%) 
Recent 43 35 (81.49 


in which there are favorable results. The 
symptomatic improvement is usually ac- 
companied by a noticeable increase of dis- 
charge, so that the effect of roentgen 
therapy on the sinuses may be due to di- 
minishing the engorgement of the nasal 
mucosa. This effect is definitely observ- 
able. More good results seemed to be ob- 
tainable when therapy was instituted early, 
and the results seemed to be better in an 
initial attack of sinusitis than in a recur- 
rence after previous attacks. Although not 
implicit in the material presented, there 
seemed to be an effect of preventing re- 
currences in patients who had previously 
been subject to repeated attacks of acute 
sinusitis. While roentgen therapy can by 
no means be relied on as the sole treatment 
of acute sinusitis, it has been shown to be 
a very useful adjunct. The recent survey 
indicates that thorough exposure of the 
natural ostia as well as the sinuses to 
roentgen rays is highly important in ob- 
taining the maximal benefit from this form 
of treatment. 


Mayo Clinic, Rochester, Minn. 
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Further Observations on the Radium 
Treatment of Postoperative Parotitis' 


ROBERT E. FRICKE, M.D.,? and GORDON F. MADDING, M.D.* 
Rochester, Minn. 


Fagen PAROTITIS has always been rec- 
ognized as a serious condition. It 
has been the object of extensive research 
and much capable experimentation; many 
excellent statistical studies have been re- 
ported. 

One of the first reports of acute parotitis 
appeared in the Lancet in 1829 (11). In 
this case the disease progressed to gangrene 
in spite of incision and drainage. In 1834 
Brodie, in a clinical lecture, distinguished 
acute parotitis from epidemic parotitis, 
or mumps, and stressed the seriousness of 
the condition; he mentioned that when it 
appears as the termination of some other 
disease it usually indicates approaching 
dissolution. The disease was first ac- 
curately studied from a pathologic stand- 
point by Virchow, in 1858 (7). 

Acute postoperative parotitis was rec- 
ognized in 1878, when Munde reported a 
case following ovariotomy. In 1880 Moer- 
iche reported that the disease occurred in 
5 of 200 patients in whom ovariotomy 
was performed (2). The old well known 
association between the parotid and genital 
organs, as evidenced by the frequency of 
orchitis and mastitis as complications of 
epidemic parotitis, led to the assumption 
that postoperative parotitis was prone to 
follow operations on the pelvic organs (2). 
Paget reported cases of acute parotitis 
subsequent to injury or disease of the 
abdomen or pelvic organs. Many writers, 
however, have emphasized that of the 
earliest major surgical procedures the 
majority were operations on the ovaries 
(14). In later years, acute parotitis has 
been found to follow practically any surgi- 
cal operation, especially in a septic field. 


! Presented before the Radiological Society of North 


America, at the Twenty-seventh Annual Meeting, 
San Francisco, Calif., Dec. 1-5, 1941. 

2 Section on Therapeutic Radiology, Mayo Clinic 

* Fellow in Surgery, Mayo Foundation 


ETIOLOGY 


There have been much confusion and 
debate over the cause of acute postopera- 
tive parotitis. In the main, the arguments 
have had to do with whether the infection 
is hematogenous or lymphogenous or the 
result of an ascending infection by organ- 
isms present in the mouth. Much excellent 
experimental work and clinical observation 
have established the route last mentioned 
as the probable avenue of infection. 
Claisse and Dupré injected bacteria into 
Stenson’s ducts in dogs but could not pro- 
duce suppuration of the parotid gland un- 
less the secretion of the gland was dimin- 
ished by ligation of the ducts or by the 
introduction of foreign bodies. Berndt, 
Buck, and Buxton reported the results of 
injection of bacteria into Stenson’s ducts 
in dogs and iuto the blood stream. A 
different pathologic picture was obtained 
after injection of the ducts than after injec- 
tion into the blood stream; infection was 
accomplished with greater ease through the 
ducts and the histologic picture resembled 
that of acute parotitis of human beings. 
From the results of these experiments and 
from clinical observations, it is logical to 
assume that infection may readily travel 
up Stenson’s duct from the mouth in cases 
in which salivary secretion has been seri- 
ously diminished. This diminution of 
secretion is common in debilitated patients 
following a serious operation. The ad- 
ministration of sedative drugs and the 
cessation of ingestion of food and fluids by 
mouth lessen the secretion and seem to 
favor the onset of acute parotitis. 


DIAGNOSIS 
There is no difficulty in the diagnosis of 
postoperative parotitis. The disease usu- 
ally occurs two to fifteen days after opera- 
tion, more often from the second to the 
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fourth day (8). Its incidence as a post- 
operative complication is low. It usually 
is said to occur in one of every thousand or 
every two thousand cases in which a 
surgical operation is performed. There is a 
“slight febrile excitement,’’ as one of the 
old English writers (3) has put it, or the 
fever may be high (104 to 105° F.). The 
parotid gland is swollen and painful. 
There often is inability to open the mouth. 
In 20 per cent, or slightly more, of the cases 
the infection is bilateral. The staphylococ- 
cus is usually the offending organism in 
this country and in England and Germany 
(8). We have seen the submaxillary and 
sublingual glands involved, but much more 
rarely than the parotid gland. In con- 
trast with the parotid gland, which is a 
serous gland, the other salivary glands 
are mucous glands, and mucus has been 
found a poor culture medium for bacteria. 
The infection either terminates by resolu- 
tion or a large abscess may form. Fluctua- 
tion may eventually become apparent, 
although not invariably, as the thickness 
of the capsule of the gland may disguise it. 
Finally, spontaneous rupture may occur 
outwardly or through the ear or throat. 
The infection may eventuate in gangrene or 
in septicemia. 


THERAPY 


Early therapeutic efforts consisted of the 
application of leeches and poultices, the 
administration of laxatives by mouth, and 
incision and drainage when necessary. 
Leeches were mentioned with respect as 
late as 1906 in Osler’s Practice of Medicine 
(9). These measures, together with a de- 
pendence on the strong constitution of the 
patient, sufficed until the value of irradia- 
tion in the treatment of acute inflamma- 
tions was appreciated. The report of 
Rankin and Palmer, appearing in 1930, 
awakened new interest in the treatment of 
this condition. 

The value of irradiation therapy has 
been stressed recently by Costolow, Mer- 
shon, and Johnson in an excellent report, 
im which they placed the mortality rate of 
this disease at 41 per cent in cases in which 


irradiation was not used but only 16 per 
cent when irradiation was used. Pearson 
also has stressed the value of irradiation. 

In a series of cases of postoperative, 
parotitis seen over several years we used 
radium therapy in 58 per cent, having been 
guided by the following general principles: 
1. Treatment is applied to the infected 
region as soon after diagnosis as possible 
(an emergency set-up is always ready for 
use). 2. The radium is taken to the 
patient’s bedside and can be applied with 
a minimum of discomfort no matter how 
serious other complications may be. Often 
the treatment has been applied while 
oxygen was being administered. 3. A 
small sub-erythema dose has been found 
sufficient. The treatment usually limits 
the infection and averts the necessity of 
surgical incision and drainage. 4. Sup- 
plementary measures, such as oral hygiene 
and the application of moderate heat or of 
cold compresses, may be employed im- 
mediately following the termination of 
radium therapy. 

Up to two or three years ago, the dosage 
was 50 mg. of radium sulphate (element) 
filtered with 1.5 mm. of monel metal and 
2 mm. of lead at a distance of 1 inch 
(2.5 cm.) from the skin. Treatment was 
applied to each of four portals directly over 
the swollen parotid gland. Four balsa 
wood blocks, each 3 cm. square at the base, 
arranged in the form of a square, sup- 
ported the radium tubes. Treatment was 
continued for eight hours, 896 roentgens 
being applied to the parotid region. A 
second application, with the same factors, 
was made to the periphery of the parotid 
region. 

In the last few years the lead filter has 
been omitted entirely and the time short- 
ened to six hours. This method yields 972 
roentgens over the parotid. The same 
treatment is applied to the surrounding 
region. With this dosage the same result 
has been achieved and the weight over the 
tender infected gland has been decreased. 

In clinics without adequate supplies of 
radium, but with portable equipment for 
roentgen therapy, moderate voltage (130 
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kv.), + or 6 mm. of aluminum filtration, 
depending on the thickness of the swelling, 
and a dosage of 50 to 75 roentgens may be 
employed. This treatment may be re- 
peated in two days, and a third treatment 
may be given two days later, if needed. 


PROGNOSIS AND RESULTS 


In most of the excellent articles on the 
treatment of acute postoperative parotitis 
the authors seem to be unduly pessimistic. 
Charlton, in 1931, reported a mortality rate 
as high as 42.8 per cent, and in a study of 
the literature up to 1935, Green quoted a 
mortality rate of 25 to 60 per cent, the 
average in this country being 58 per cent. 
This figure has been widely accepted by 
subsequent authors. As Rankin and Pal- 
mer have emphasized, however, postopera- 
tive parotitis usually follows serious opera- 
tions, especially those on the large intestine. 
It seems to us that the mortality rate in 
published reports has mainly been com- 
puted just as the mortality rate of cancer 
has been computed, that is, the death of 
eny patient who had postoperative paro- 
titis has been attributed directly to that 
complication. In our own experience, 
acute parotitis has not appeared to be a 
very fulminating or serious infection. To 
prove or disprove this theory, we have re- 
viewed the records of 190 cases of post- 
operative parotitis observed at the Mayo 
Clinic from Jan. 1, 1927, to Dec. 31, 1940, 
inclusive. Table I shows the sites of the 
operations performed before the develop- 
ment of parotitis. 

Radium therapy was employed in 111 
cases and other measures (heat, cold com- 
presses, gentian violet, compound solution 
of iodine, intravenous administration of 
mercurochrome, sulfanilamide, oral hy- 
giene, diathermy, etc.) were relied upon in 
the remaining 79 cases. 

In 19, or 10 per cent, of the 190 cases 
the patients died. Instead of ascribing 
this 10 per cent mortality to parotitis, we 
felt it worth while to analyze the protocols 
of the 19 cases to determine the rdle of 
parotitis in the final outcome. 

As mentioned previously, 79, or 41.6 per 
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cent, of the 190 patients had been treated 
by methods other than irradiation, and 
111, or 58.4 per cent, had received radium 
therapy. Of the 79 patients who were not 
treated with irradiation, 6, or 7.6 per cent, 
died, while 13, or 11.7 per cent, of those 
who were treated with radium died. In so 
small a series, no significance can be at- 
tached to this distinction; radium treat- 
ment was often applied as a last resort in 
cases in which the patients were critically 
ill or in which other treatment had failed. 


SITES OF OPERATIONS PERFORMED BEFORE 
THE DEVELOPMENT OF PAROTITIS 


TABLE I: 


In All Cases In Fatal Cases 
29.5%) 
21.6%) 
16.3%) 
12.6%) 
20.0%) 


Site of Operation 





Colon 

Pelvis 

Biliary tract 
Stomach 
Miscellaneous 





TOTAL 





The ages of the patients and the type of 
operation performed before the develop- 
ment of parotitis are of interest, especially 
in the fatal cases. In the entire group of 
190 cases the ages ranged from five to 
seventy-five years, with an average of 49.6 
years. In the 19 cases in which death oc- 
curred, the ages ranged from thirty-seven 
to seventy-two years, the average being 
fifty-nine years, that is, ten years more than 
the average for the entire series. The sites 
of operation in the 19 cases in which death 
occurred are listed in Table I. In 9 of 
these cases operation was performed for 
a malignant growth. These findings indi- 
cate that parotitis which follows serious 
operations, such as those for malignant 
tumors or those involving the colon, 
stomach, or biliary tract, is more likely to 
prove fatal than is parotitis which occurs 
after less serious operations. 

According to Rankin and Palmer, the 
prognosis is more serious in cases in which 
an abscess of the parotid gland has to be 
incised and drained than it is in cases in 
which such treatment is not mecessary. 
This conclusion has been confirmed by 
other authors, and also holds true in our 
series of cases. Incision and drainage were 
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necessary in 24 of the entire series of 190 
cases. In 3, or 12.5 per cent, of the cases in 
which this procedure was employed the 
patients died. In the 166 cases in which the 
parotid gland was not incised, the mortality 
rate was 9.6 per cent. In 7 of these 166 
cases, an abscess of the parotid gland rup- 
tured spontaneously, and all 7 patients 
recovered. In 2 of these cases drainage 
occurred through the ear and in the re- 
maining cases through Stenson’s duct. 

Radium therapy appeared to have a 
definite influence on the percentage of cases 
in which incision and drainage were re- 
quired. Whereas this procedure proved 
necessary in 15, or 19 per cent, of the 79 
cases in which radium therapy was not em- 
ployed, it was necessary in only 9, or 8 
per cent, of the 111 cases treated by 
radium. Radium was used in 5 of the cases 
in which an abscess of the parotid gland 
ruptured spontaneously. 

Sulfanilamide was used in 3 cases. These 
patients recovered, but in one case the ad- 
ministration of the drug had to be dis- 
continued because of the development of 
severe cyanosis. 

The causes of death in the 19 fatal cases 
are listed in Table II. Necropsy was per- 


Taste II: Marin Causes OF DEATH IN NINETEEN 
FataL CASES OF POSTOPERATIVE PAROTITIS 
Peritonitis sein 8 cases 

Bronchopneumonia 
Uremia. . . 
Pulmonary embolism 
Cardiac collapse 
Staphylococcic septicemia 
Parotitis. . . 
TOTAL. 19 


formed in 7 cases: in 2 in which death was 
due to peritonitis, in 2 in which it was due 
to bronchopneumonia, in the 2 in which it 
was due to pulmonary embolism, and in 
the single case in which it resulted from 
staphylococcic septicemia. 

We believe that acute parotitis was re- 
sponsible for only one of the 19 deaths. In 
the other 18 cases, it played a very minor 
téle. In fact, in studying the clinical re- 
ports of these 18 cases we found that in 2 
the parotitis had completely cleared up, 
and in 3 additional cases the infection was 
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subsiding satisfactorily at time of death. 

In the case in which death was ascribed 
to parotitis, the infection followed cho- 
lecystectomy on a patient who had dia- 
betes mellitus. Parotitis developed three 
days after the operation and proceeded to 
definite fluctuation in spite of prompt 
treatment with radium. Surgical incision 


and drainage were carried out on two 
occasions, but failed to produce any im- 
provement, and death supervened. 


SUMMARY AND CONCLUSIONS 


Acute postoperative parotitis has seri- 
ous potentialities. In fact, reports in the 
literature have been unduly pessimistic; 
Green's figure of 58 per cent as the average 
mortality rate in this country has been 
widely cited. Although acute postopera- 
tive parotitis is a serious complication, we 
do not believe that the prognosis is hope- 
less. We agree with Talbot, who said that 
when death occurs the primary disease 
process for which operation was performed 
is usually responsible and the parotitis is 
only a contributing factor. This was 
found to be true in the 190 cases which 
form the basis of this paper. In 111 cases 
the patients were treated with radium and 
in 79 by other methods, that is, approxi- 
mately 60 per cent of the total number of 
patients received radium treatment and 
approximately 40 per cent were treated by 
other procedures. Approximately 11 per 
cent of the patients treated with radium 
later died and approximately 7 per cent of 
those not treated with irradiation died. 
This difference is not especially significant 
when selection of treatment is uncertain 
and based on many factors. 

Spontaneous rupture and drainage oc- 
curred in 7 cases, but all of these patients 
recovered. In 8 per cent of the cases in 
which radium was employed and in 19 per 
cent of cases in which the patients were 
treated by other methods, the extent of 
the infection increased, fluctuation ap- 
peared, and surgical drainage became neces- 
sary. When incision and drainage are re- 
quired, the prognosis is much more serious, 
according to most writers. 
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Of the entire group of 190 patients, 19, 
or 10 per cent, died. This latter figure 
would represent the mortality rate if the 
deaths were blamed entirely on the paro- 
titis, as they frequently are in studies of 
this disease. A detailed study of the fatal 
cases, however, revealed that parotitis was 
the chief cause of death in only one case. 
The average age of the patients who died 
was ten years more than the average age of 
the entire group. In 9 of the 19 fatal cases 
the preceding operation had been per- 
formed for a malignant tumor. Operations 
on the colon were the most common surgi- 
cal procedures in the fatal cases. 

The principal cause of death in the ma- 
jority of the 19 cases was peritonitis, with 
bronchopneumonia second, followed by 
uremia and pulmonary embolism. In 5 
instances the parotitis had either cleared 
up eritirely or was subsiding satisfactorily 
at the time of death. 


Mayo Clinic, Rochester, Minn. 
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The X-Ray Treatment of Acute Peritonitis' 


JAMES F. KELLY, M.D., F.A.C.R., and D. ARNOLD DOWELL, M.D. 
Omaha, Nebraska 


HE TREATMENT of acute peritonitis at 
fin bedside with x-ray was begun by 
us in 1934, and our early experience was 
reported before the section on Radiology 
of the American Medical Association in 
June 1938. In the last three years we 
have added several cases to the series pre- 
sented at that time, and this new report, 
though leaving many questions unan- 
swered, will give the reasons why we still 
believe in the procedure and think it 
worthy of more general adoption. 

Since 1928 there has been no doubt in 
our minds that x-rays should be used with 
other conservative measures in the treat- 
ment of gas gangrene. That others agree 
with this conclusion is evidenced by the 
fact that over twenty favorable reports, 
covering more than 100 cases, now appear 
in the literature, showing that the mortality 
and morbidity in this disease have been 
definitely reduced when x-ray therapy has 
been used as an aid in its treatment. 
While adverse criticisms of the use of x- 
rays in gas gangrene have appeared since 
the advent of the sulfonamides, no series 
of cases adequately treated by irradiation 
has been introduced into the literature, 
with detailed data on specific cases, show- 
ing any high percentage of failures. For 
the honest practitioner who is a physician 
first and a specialist last, we believe that 
the status of the x-ray as an aid in the pre- 
vention and treatment of gas gangrene is 
settled. Other measures now undergoing 
trial may prove successful in the future, 
but what the x-ray can do is established. 

Reference to the use of x-rays in the 
treatment of gas gangrene in association 
with a discussion on the treatment of 
acute peritonitis is not irrelevant. Few 
physicians are aware of the half century of 
‘From the Department of Radiology, Creighton 
University School of Medicine. Presented before the 
Radiological Society of North America at the Twenty- 


age Annual Meeting, San Francisco, Calif., Dec. 
0, 1941. 


controversy waged in the literature, and 
participated in by research workers and 
clinicians, concerning the exact rdéle of Ci. 
welchii in the etiology of the most common 
form of acute peritonitis, namely, that 
following appendicitis, intestinal obstruc- 
tion, and other lesions in which the 
peritoneal cavity becomes contaminated 
with intestinal contents or their numerous 
bacteria. 

In this report only brief reference can be 
made to the possible etiologic relationship 
between gas gangrene and acute spreading 
peritonitis of intestinal origin. If they 
have the same causative organisms, our 
excellent results with x-ray therapy in the 
few cases here reported are explained. 
Regardless of the question of bacterial 
etiology, however, we are convinced that 
the results of irradiation in acute peritoni- 
tis will parallel those secured in gas gan- 
grene and that a great reduction in the 
mortality following appendicitis will result. 


HISTORICAL 


Not many years after peritonitis was 
established as of infectious origin, Welch 
(1) and his colleagues published their first 
report on the anaerobic group of organ- 
isms. Shortly after this (1892-1896) Welch 
and Flexner (2) found Cl. welchii in severe 
cases of acute peritonitis. Veillon and 
Zuber (3) in 1898 stated that the an- 
aerobes were the most important organ- 
isms in appendicitis and also reported that 
they had demonstrated an anaerobic coc- 
cus. Thus started the long procession of 
investigations into the bacteriology of 
peritonitis. 

It is evident that before the turn of the 
century the claim that Cl. welchiit was a 
factor in peritonitis had some supporters. 
Many others, however, even at that early 
date were more inclusive in their claims 
and, like Veillon and Zuber, stated that 
the infection was due to multiple organ- 
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isms, of which the anaerobic cocci, as well 
as bacilli, were present in appendicitis and 
some forms of peritonitis. 

A prominent American investigator in 
this field is Bower (4) of Philadelphia. 
Like others he has reported a lower mortal- 
ity in peritonitis cases treated with Ci. 
welchii serum than in cases which received 
no serum. That better results have not 
been obtained is probably due, as in gas 
bacillus infection, to the difficulty of 
neutralizing with any one stock antitoxin 
all the toxins produced by the several 
organisms present in this mixed infection. 

From Altemeier’s recent work (5) with 
the Ford Hospital group it is evident that 
peritonitis following appendicitis is usually 
a mixed infection, as a rule by three or 
more anaerobes growing in symbiosis. 
Altemeier did not demonstrate C/. welchii 
as fréquently as many workers claim it can 
be found, but he indicates in his excellent 
report the great difficulty of designating 
with absolute accuracy the réle of each 
organism. In his long list of references to 
the literature are some reports minimiz- 
ing the importance of Cl. welchit, but the 
great majority agree that a variety of 
anaerobes are present; with this latter 
conclusion Altemeier and his colleagues 
are in accord. 

In our very early experience with gas 
gangrene we were impressed with the 
difficulty of drawing any fine conclusions 
about the exact réle of the many organ- 
isms involved. In peritonitis we were im- 
pressed with the same difficulty. The 
bacteriology is too intricate and too com- 
plicated for present understanding and 
requires further investigation. The fact 
remains, nevertheless, that in some major 
aspects the two diseases are very similar: 
they are mixed infections; the anaerobes 
play an important part; the tissues in- 
volved often show gangrenous changes if 
the infection is allowed to progress, and 
the severe toxemia has been commented 
upon by all clinicians. Other similarities 
may be left for consideration elsewhere. 

It would seem more important to ap- 
preciate the rédle played by the anaerobes 


as a group in gas gangrene and in acute 
peritonitis of intestinal origin than to in. 
dulge in a controversy as to how often a 
single one, namely, C/. welchii, is the princi- 
pal offender. This is particularly true 
when considering x-ray treatment, as radi- 
ation appears to have a beneficial effect 
upon any infection with this group of 
organisms. We are not much concerned, 
therefore, with the matter of specific organ- 
isms within the group, as this seems to be 
rather of academic than clinical impor- 
tance. Suffice it to say that the more one 
studies these two diseases the more one 
realizes that etiologically, clinically, and 
to some extent pathologically, they show 
many identical features. The important 
similarity to keep in mind is that both 
respond to the same therapeutic pro- 
cedure, namely, x-ray irradiation, and less 
promptly and less consistently to any 
other measure. 

The value of the roentgen treatment of 
tuberculous peritonitis has been accepted 
for a quarter of a century or more and its 
importance in acute inflammatory pelvic 
conditions with peritonitis in the female 
has been quite widely recognized. There 
is, however, a definite scarcity of references 
in the American literature to this use of the 
x-ray; practically all the reports are from 
European sources, Fried (6, 7) being the 
outstanding contributor. Bertolotto’s (8) 
conclusions are in agreement with those of 
Fried. 

Our observations have been independent 
of any specific knowledge of the work of 
Fried and Bertolotto, but with the ex- 
ception of some technical details they are 
in full accord with the conclusions of these 
investigators. They use a longer space 
factor and heavier filtration with fewer 
treatments than we have employed, but 
their clinical results are essentially the 
same. The earlier treatments are begun, 
the more prompt the results; treatments 
in the chronic stages are of less value. 
The lowered cost of care as a result of early 
treatment has also been noted by these 
writers. 

We consider the short space factor quite 
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essential in the treatment of the fulminat- 
ing toxic type of infection having a high 
mortality, such as gas gangrene, but this 
factor, as well as the r unit dose per treat- 
ment and total dose, is still subject to 
clinical experimentation and observation. 
Animal investigations such as those of 
Dowdy and Sewell (9) will undoubtedly 
play an important part in advancing the 
x-ray therapy of infections due to the 
anaerobes. 


TYPES OF PERITONITIS 


In our previous report, covering only a 
few cases, no attempt at a division into 
types or stages was made. However, 
at this time we have more cases, and 
though not enough for conclusive results, 
still enough to report the basis upon which 
we are working and to point out the trend 
which we expect the study to follow. 

First of all, let it be understood that the 
treatment of all types of peritonitis with 
the technic advocated here is obviously out 
of reason. Tuberculous peritonitis and 
peritonitis due to fungi and numerous 
other types of organisms and irritants are 
not included in this discussion, which has 
special reference to the acute infection 
running a short course of one to four weeks 
and resulting in recovery or death. Time 
will permit us to discuss only the most 
common form encountered, namely, that 
secondary to appendicitis. The treatment 
of other types must be left for considera- 
tion elsewhere. 


PERITONITIS SECONDARY TO APPENDICITIS 


Before presentation of the treatment of 
any specific cases, it may be well to make it 
clear that x-rays are advocated only as an 
aid in the treatment of peritonitis. Surgery 
is the major therapeutic procedure for 
appendicitis, and irradiation is recom- 
mended solely as an agent to assist in 
localizing the infection and minimizing the 
toxemia. If the x-ray will accomplish 
these objectives, it will be in great demand 
by the surgeon. 

When one speaks of appendicitis peri- 
tonitis he has in mind two areas of infec- 
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tion, one developing subsequent to the 
other. In our consideration of treatment, 
therefore, we shall divide the condition 
into stages, since the technical procedure 
applicable in the x-ray treatment at one 
stage may cause little or no benefit in 
another stage. 

The following clinical stages of acute, 
spreading peritonitis secondary to appendi- 
citis may be recognized: 

A. Localized 

First stage: Appendicitis 

Second stage: Appendicitis plus local- 
ized peritonitis, which may go through 
all stages to abscess formation. 

B. Generalized 

Third stage: Early spreading peritonitis; 
serosanguineous stage, with blood and 
serum in the peritoneal cavity and 
over the loops of bowel, with probably 
a small amount of pus. No adhesions, 
since the serum has not yet coagulated 
and formed fibrinous bands between 
the various intestinal loops. 

Fourth stage: Fibrinopurulent stage. 
Blood is disappearing; serum is be- 
coming fibrinous and thicker and is 
forming bands between loops of bowels; 
some pus is accumulating. 

Fifth stage: Many adhesions are present 
which are more or less organized and 
there is a profuse collection of pus 
with probably some localized ab- 
scesses from time to time. 


X-RAY TREATMENT 


Since the pathological processes may 
vary considerably at the time x-ray therapy 
is requested, it seems well to discuss treat- 
ment in the various stages separately. 

1. Appendicitis: Surgical removal is 
the treatment for acute appendicitis. The 
addition of some x-ray therapy preopera- 
tively as a prophylaxis against peritonitis, 
or postoperatively if general peritonitis is 
feared, has no bearing on the necessity for 
the surgical removal of the appendix when 
it is acutely diseased. 

2. Appendicitis with Localized Peri- 
tonitis: As in uncomplicated appendicitis, 
so in the patient who is operated upon 
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early and in whom the infection is con- 
fined to the adjacent peritoneum, x-ray 
therapy as a rule is not indicated. If, 
however, operation is not performed early, 
and, as is often the case, the patient is not 
seen until he has a walled-off abscess in the 
lower right quadrant, he should receive at 
least one x-ray treatment each day for 
three days after the abscess is drained, for 
fear the general peritoneal cavity has been 
infected. In this instance, the x-ray is 
used prophylactically. Several deaths oc- 
curred in our general peritonitis group as the 
result of extension of the infection after 
drainage of a local abscess. 

3. Early Acute Spreading Peritonitis in 
the Serosanguineous State: Early spread- 
ing peritonitis was the stage in which our 
work with peritonitis was begun, and it is 
in this type of case that results are most 
spectacular. The response at this time 
is greatest because the infection has not 
produced such extensive local changes as 
to interfere with rapid recovery. The 
prompt relief from the evidences of tox- 
emia in this stage is most impressive. 

These patients constitute a group in 
which the mortality at the present time 
without x-ray therapy is in the neighbor- 
hood of 40 to 50 per cent. Treatment is 
indicated twice or three times the first day, 
twice the second and third days, and once 
each day thereafter until they are definitely 
out of danger. The x-ray therapy of gas 
gangrene has lowered the mortality in that 
disease to 10 per cent or less. All that has 
been said concerning early and frequent 
treatment of gas gangrene can be repeated 
here. 

4. Generalized Peritonitis, Fibrinopuru- 
lent Stage: There is usually considerable 
toxemia present in this stage, and x-rays 
should be used to control this feature of the 
disease. The tendency to prolonged con- 
valescence is increased with every addi- 
tional day of delay of x-ray therapy. 
Some prompt recoveries have been wit- 
nessed, but the response is usually not so 
impressive and the chances of avoiding 
other complications are less than in the 
previous stages. 
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Two or three treatments each day are 
indicated until the toxemia is controlled. 
If evidences of toxemia reappear, treat. 
ment should be renewed and continued 
while these persist. Lower dosage jg 
usually adequate under these conditions, 

5. Generalized Peritonitis with Adhesions 
and Abscesses: In the stage of adhesions 
and abscesses there is not much chance for 
shortening the course of the disease with 
x-ray treatments, which are of little value 
when started so late. Indeed, x-ray 
therapy at this stage is not important un- 
less the toxemia is still uncontrolled. When 
the disease is so far advanced, a long period 
of hospitalization is quite certain. 

If secondary operations are necessary a 
dose or two of x-ray in the form of a two to 
three days’ series may be required to local- 
ize the process and combat the toxemia. 

If treatment is desired at this stage, two 
treatments daily for two or three days and 
others later as indicated may be of value 
in the exceptional case, but as a rule it is 
too late to shorten the course of the disease 
to any appreciable extent. 


Clinical observation of the response to 
radiation in the early stages of gas infec- 
tion or acute peritonitis would lead one to 
believe that the x-ray is an excellent aid to 
the patient who is toxic and attempting to 
establish a defense. After the patient has 
gained control of the situation and is less 
toxic, the effect of the x-ray is decidedly 
less evident. It is during the toxic in- 
vasive stages of these infections that the 
effect of the x-ray is more impressive, and 
it is during the early stages that irradiation 
should be used. 


ANALYSIS OF RESULTS 


The clinical impression we gained from 
our efforts in treating acute peritonitis in 
its various stages during the past few years 
was that we were accomplishing some real 
good, but to be certain about such matters 
all cases treated by various methods must 
be grouped for comparison and analyzed. 

The statistical test applied here is based 
on the examination of all cases listed in the 
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record room of St. Joseph’s Creighton 
Memorial Hospital as peritonitis and 
appendicitis treated in that institution 
from 1934 to 1940, inclusive. Charts of 
3.579 patients were examined, of which 
99) showed peritonitis in some form. 

These 290 cases of peritonitis were 
divided into three main groups—local- 


ized peritonitis, local abscess, and general- 
ized peritonitis. 
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or developed generalized peritonitis and 
are considered under that heading. 

In this series, therefore, all patients with 
uncomplicated appendicitis and all pa- 
tients with only a localized peritonitis 
about the appendix without abscess forma- 
tion recovered. 

It is evident that the high incidence of 
recovery in the various stages of localized 
peritonitis makes such cases unsuitable 
X-RAYS 


AND 
GENERAL MEASURES 
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109 cases 
71 died 


68.1% mort. 38% mort 


Fig. 1. 
ized peritonitis secondary to appendicitis 


30 cases 
6 died 
20% mort. 


21 cases 
7 died 
33.3% mort. 


Showing drop in mortality rate, with institution of x-ray therapy, in cases of general- 
The mortality in 51 cases (third and fourth columns) 


receiving x-ray therapy was 25.4 per cent; in 151 cases (columns | and 2) without x-ray therapy 


it was 57.6 per cent. 


(1) There were 49 cases of peritonitis 
localized to the region of the appendix with- 
out abscess formation. All apparently re- 
mained localized, and the patients re- 
covered regardless of what treatment they 
received in addition to surgery. 

(2) There were 39 cases of peritonitis 
localized to the region of the appendix 
with abscess formation. Three patients 
died of pneumonia. The others recovered 


material for determining the relative merits 
of various therapeutic methods. Surgery 
is supreme for the treatment of the local 
infection, and irradiation is apparently not 
indicated unless there is some danger of an 
extension of the process. 

(3) Patients having generalized peri- 
tonitis with or without abscess formation 
numbered 202, with 100 deaths. The high 
mortality rate, 49.5 per cent, in this group 
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makes it quite suitable for a study of the 
different methods of treatment generally 
used in addition to surgery. The following 
combinations of methods appear to be of 
the most importance. 

First, surgery supported by general 
measures but without x-ray therapy or the 
sulfonamides. General measures include 
the use of suction apparatus and other 
means of intestinal intubation, the oxygen 
tent, transfusions, etc. Of 109 patients 
thus treated, 71 died, a mortality of 68.1 
per cent. 

Second, sulfonamides and surgery with 
other general measures. Of 42 patients in 
this group, 16 died, a mortality of 38.0 
per cent. 

Third, a combination of x-rays, sulfon- 
amides, and surgery with other general 
measures. Of 21 patients 7 died, a mor- 
tality of 33.3 per cent. 

Fourth, x-ray irradiation as an aid to 
surgery and other general measures. There 
were 30 patients in this group, of whom 6 
died, a mortality of 20 per cent. 

We believe that the foregoing statistical 
data, though based on a relatively small 
number of cases, support our clinical im- 
pression that x-rays are of value in treat- 
ing acute general peritonitis, and that when 
x-rays are used and the sulfonamides are 
omitted the result is better than with a 
combination of the two measures. It is 
also evident that the x-rays are much 
more efficient than the sulfonamides alone. 
We attribute the lower mortality in the 
combined sulfonamide and x-ray group as 
compared with the sulfonamide group 
alone to the fact that since the early part 
of 1938 we have refused to treat with x-ray 
unless the sulfonamides were stopped, 
usually from twelve to twenty-four hours 
before irradiation was begun. The x-rays 
were thus of assistance to those patients 
who had not received too much of the 
sulfonamides, and the lower mortality rate 
among this group is evidence of this fact. 
We believe that if both measures had been 
used simultaneously the mortality rate 
would have been higher than in the group 
treated by sulfonamides alone. 
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If all patients receiving x-ray therapy 
are considered together, we have a group of 
51, with 13 dead, or a mortality rate of 
25.4 per cent; if all receiving sulfonamides 
are grouped together, we have 63 cases, 
with 23 deaths, or a mortality of 36.5 per 
cent. 

In our experience the best method of 
treatment is use of the x-ray as an aid to 
surgery and all the other methods of treat- 
ment usually employed with the exception 
of the early sulfonamides. Whether or not 
sulfathiozal is antagonistic has not been 
determined, but it is definitely not as in- 
hibitory to the action of the x-rays as were 
the earlier sulfonamides. We arrived at 
this conclusion following the observation 
that some very sick patients who had been 
on sulfathiozal but who were obviously not 
responding in a satisfactory manner did 
respond to irradiation. Lately we have 
cautiously used the two measures simul- 
taneously in some less seriously sick pa- 
tients and as yet have not observed the 
antagonistic action so evident with the 
early sulfonamides. Whether there is a 
complete absence of antagonistic action, 
however, when sulfathiozal is used, or 
whether this is only a matter of degree, we 
are not able to judge. We do feel quite 
certain that we have been much more suc- 
cessful with it than with the other sulfon- 
amides. 

We have had only limited experience 
treating patients who have had any of the 
sulfonamides used locally in the peritoneal 
cavity. Our conclusions are based on the 
use of the early sulfonamides internally. 

It seems superfluous to state that we 
are absolutely opposed to the trial of the 
sulfonamides for a few days with a subse- 
quent changing to x-ray therapy, with or 
without the drug. A brief consideration of 
the changes in the underlying pathology 
as it progresses rapidly through its various 
stages should make it evident that during 
the time the sulfonamides are used the 
disease is reaching a stage less responsive 
to radiation therapy. Though the patient 
may live with the late assistance of the 
x-ray, the chances for a prompt recovery 
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with a minimum loss of time are very 
fimited. In addition, he has the expense 
due to prolonged stay in the hospital. The 
lowered mortality and morbidity in acute 
peritonitis as in gas gangrene, as a result of 
x-ray therapy, make the use of this method 
of treatment imperative before gangrenous 
changes and other complications are es- 
tablished. 

The value of early irradiation in peri- 
tonitis secondary to appendicitis cannot 
be overemphasized. When x-ray treat- 
ment is given early, during the acute 
spreading serosanguineous phase, the dis- 
ease responds more promptly and more 
completely, seeming to undergo thorough 
resolution without complications. When 
treatment is started late, during the stage 
of plastic peritonitis with pus formation, 
there has been much more difficulty in con- 
trolling the situation as regards a prompt 
recovery. Convalescence is invariably 
prolonged and is associated with the dis- 
charge of large amounts of pus and with 
pocket formation. Repeated surgical in- 
terference may be necessary before the 
patient is safely convalescent. 

The x-ray as a prophylactic will not be 
discussed at this time, but we have ob- 
served what we consider excellent results 
with its use and recommend it to prevent 
an extension of a localized peritonitis or to 
prevent the inception of peritonitis after 
injuries such as gunshot wounds. 

The use of the suction apparatus has in- 
creased the necessity for early and correct 
diagnosis of acute intra-abdominal condi- 
tions. The use of the x-ray as a means of 
controlling the infectious element in acute 
peritonitis has added to this necessity. 

Conditions which preclude the possi- 
bility of success in the treatment of peri- 
tonitis with x-ray are: 

1. Delayed use of the x-rays—path- 
ology too far advanced. 

2. Organic obstruction of the bowel- 
not operated. 

3. Open and leaking perforation in the 
bowel. 

4. Internal use of the early sulfon- 
amides simultaneous with x-ray therapy. 
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5. Underlying organic pathology in it- 
self fatal, such as advanced cancer and its 
complications. 

X-RAY TECHNIC 

The x-ray technic cannot be definitely 
fixed, as the requirements for each case 
must be met promptly and individually 
to give the best results. Variables are the 
number of treatments given each day, one 
to three; r units per dose, 50 to 75, with 
occasionally less and sometimes more; 
kilovoltage, 90 to 130 kv.; filter, between 
2 and 5 mm. of aluminum; distance, 40 to 
50 cm. The clinical aspects of the case re- 
quiring certain factors from the above 
variables are not within the scope of this 
paper. 

It goes without saying that young girls 
and pregnant women should be given x- 
ray treatments over the abdomen and 
pelvis with caution, and large doses should 
be avoided unless the condition is critical. 


SUMMARY 


1. A further report on the results of x- 
ray treatment of acute peritonitis of in- 
testinal origin is made. 

2. The possibility of a similar etiology 
for acute peritonitis of intestinal origin and 
gas bacillus infection is mentioned. 

3. The underlying pathology of the 
various stages of this type of peritonitis are 
reviewed in a plea for the early use of x- 
ray therapy, before the condition is so far 
advanced that the best results are impossi- 
ble of attainment. 

4. The technical procedure is outlined 

in a general way. No specific technical 
directions are practical, since variations in 
age, weight, and sex, as well as the stage 
of the disease at the time treatment is 
given, make each case an individual clinical 
problem. 
5. The mortality when x-ray therapy is 
used is only one-half what it is when the 
sulfonamides are used internally, and less 
than one-third of that with surgery and 
other general measures without either x-ray 
or the sulfonamides. 


816 Medical Arts Building, Omaha, Neb. 
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Acute Postoperative Parotitis' 


EUGENE P. PENDERGRASS, M.D., and PHILIP J. HODES, M.D. 
Philadelphia, Penna. 


HE PURPOSE OF the present communi- 
cation is to describe a method for 
treating acute postoperative parotitis 
radiotherapeutically which has produced 
very satisfactory results. Attention will 


also be directed to the importance of the 
supportive procedures which are necessary 
to assure free drainage from the infected 
gland into the mouth. 


ETIOLOGY 

Why acute pyogenic infections develop 
in parotid glands postoperatively remains 
amoot question, but considerable evidence 
seems to indicate that acute postoperative 
parotitis is the result of an ascending in- 
fection of Stenson’s duct (2, 6, 7). Numer- 
ous theories have been postulated. Direct 
trauma to the parotid during operation has 
been suggested (5, 6). Against this con- 
cept is the observation that in over half of 
the cases reported spinal anesthesia has 
been used. Some men believe acute post- 
operative parotitis is the result of hemato- 
genous invasion of the gland. We are 
informed that the organisms recovered 
from an infected parotid oftentimes do not 
correspond to the bacteria found in in- 
fections elsewhere in the body (2). Many 
surgeons, nevertheless, inspect the ab- 
dominal wounds carefully for a hidden 
wound abscess in those patients who de- 
velop acute parotitis. 

In view of the frequency with which 
primary acute pyogenic infections of the 
parotid have occurred following gastro- 
intestinal operations, it has been sug- 
gested that a vitamin A deficiency may 
act as a predisposing factor. Atrophy of 
the epithelial lining cells of the salivary 
glands has been reported as occurring in 
some instances in which there has been 
‘From the Department of Radiology of the Hos- 
pital of the University of Pennsylvania, Philadelphia, 
Penna. Presented before the Radiological Society of 


North America at the Twenty-seventh Annual Meet- 
ing, San Francisco, Calif., Dec. 1-5, 1941. 


a lack of this vitamin (5). Parenchyma- 
tous degeneration of the parotid due to 
fever, and toxins from the primary disease 
have also been suggested as _ possible 
etiologic factors. 


PATHOGENIC CONSIDERATIONS 


Under normal conditions staphylococci 
may be found in the majority of ‘‘clean”’ 
mouths. They occur in varying concentra- 
tions in different portions of the mouth, 
being much more numerous around the 
parotid duct than in the sublingual region. 
The relative sterility of the sublingual 
region may be attributed to the incessant 
activity of the tongue, which keeps this 
area clean, and the fact that the secretions 
of the submaxillary gland are rich in 
mucin, which is absent in the parotid secre- 
tions (5). It is believed that mucin exerts 
an inhibitory effect upon staphylococci 
which is roughly proportional to its con- 
centration (11, 12). This may account 
for the relative rarity of acute infections in 
submaxillary glands. 

Patients with poor oral hygiene have 
much higher concentrations of oral bac- 
teria than do patients with ‘‘clean”’ mouths 
(5). The greater susceptibility of the 
former group to parotid infections may be 
attributed to this difference in oral sanita- 
tion. It is also noteworthy that oral bac- 
terial estimations made before and after 
operation reveal precipitous increases in 
bacterial concentration following surgery 
(10, 11). This is probably related to the 
patient’s fluid balance, as the greatest 
changes are observed in patients with dry 
mouths, whereas patients with no oral 
dryness show little difference. Dehydra- 
tion, vomiting, restriction of fluids, and 
decreased salivary secretion, which ac- 
companies some surgical procedures and 
abdominal operations in particular, may 
therefore be a significant and predisposing 
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factor in the development of acute paro- 
titis. 

Histologically, acute pyogenic infections 
of the parotid start as a catarrhal inflam- 
mation of the larger ducts (6, 10). Within 
these ducts bacteria may be seen (6). The 
ducts become distended with retained 
purulent secretions, most marked in the 
larger ducts and least extensive in the 
smaller ones. Later the epithelium of the 
ducts becomes eroded. Periductal infiltra- 
tion and necrosis take place where the duct- 
walls are broken, allowing penetration of 
the infection into glandular tissue (2, 6). 
The glandular tissue, however, is not al- 
ways involved. This depends upon the 
virulence of the infection, the inherent 
protective mechanism of the host, and the 
presence or absence of ductal obstruction. 
When the glandular elements do become 
involved, multiple small abscesses develop, 
which gradually become larger and coalesce 
to form larger ones. 


THERAPEUTIC CONSIDERATIONS 


We consider acute parotitis a radio- 


therapeutic emergency. Irradiation is in- 
stituted as soon as the diagnosis is made. 
When the patient is first seen, an attempt 
is made to determine whether or not Sten- 
son’s duct is patent. This is done by 
gently massaging the parotid duct in a 
forward direction along its course. If a 
block exists, an attempt is made to remove 
the obstruction by aspirating and probing 
the duct. Whalebone filiforms (8) or a 
blunt-edged 18 or 20 gauge needle may be 
employed for this purpose. By careful 
probing of the duct in this manner, the 
obstruction is usually overcome. Oc- 
casionally gentle irrigation of the duct by 
means of a syringe attached to the blunt- 
edged needle may be necessary. When 
these procedures fail, the end of a suction 
apparatus is applied over the mouth of the 
parotid duct and strong suction is exerted. 
Not infrequently it is necessary to alternate 
probing and aspirating before adequate 
flow of secretions is obtained from the 
gland. The importance of establishing free 
drainage from the parotid cannot be over- 
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emphasized. Unless this is done, the best 
interests of the patient are not served. 

After drainage from the duct has been 
established, the parotid is irradiated. As 
a rule we use roentgen rays generated at 
130 kv., filtered through 0.25 mm. of cop- 
per + 1 mm. aluminum. The target skin 
distance is usually 25 to 30 cm., the portal 
large enough to extend beyond the con- 
fines of the inflamed area. Occasionally 
patients are too sick to be brought to the 
Radiological Department for treatment. 
In such instances, an ordinary diagnostic 
portable x-ray machine is used. 

On the first day a dose of 150 r is de- 
livered to the skin overlying the infected 
gland.” The patient is warned that the 
pain may increase following the exposure. 
On the second day, the parotid infection 
usually looks worse. At this time a sec- 
ond exposure of 150 r is given the infected 
gland. By the third day the patient usu- 
ally feels better and a third exposure of 
about 100 r is administered. Usually no 
treatment is necessary on the fourth day. 
Occasionally on the fifth day the parotid 
is again treated, with 75 to 100 r. From 
the time the patient is first seen, every 
effort is made to promote emptying of the 
parotid. 

The patient’s fluid balance is watched 
carefully. He is encouraged and indeed 
forced to chew gum constantly and suck on 
hard sour candy. Hot mouth washes are 
employed at half-hour to one-hour inter- 
vals. Sour beverages stimulate parotid 
secretions and their use is encouraged. 
These methods for stimulating salivary 
secretion and maintaining oral cleanliness 
are rigidly enforced. 

The character of the parotid secretion 
changes during the course of treatment. 
When first observed, it is usually thick 
and gummy. Parotid secretions seen in the 
first few hours of the disease are watery 
and may contain small flecks of débris. 
Only a few drops may be expressed. On 
the second and third days following the 
institution of roentgen therapy, the secre- 
tion is more viscid and more copious. It 
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has the appearance of heavy cream and 
may vary in color from milky white to a 
somewhat greenish hue. With time, the 
excretion gradually changes until it finally 
becomes of a watery consistency. 

The rate of secretion of parotid saliva has 
been variously established to be from 
0.02 c.c. per minute to approximately 0.5 
ce. per minute (3, 4). Under unusual 
conditions, the secretion may reach 2.4 c.c. 
per minute. The rate of secretion being 
sow, the ductal system remains in con- 
stant danger of being occluded. It is 
therefore necessary to stimulate the parotid 
repeatedly and attempt to empty it by 
mechanical means. Such stimulation is 
maintained by chewing gum, sucking 
candy, and other procedures outlined 
above. Mechanical drainage depends upon 
the massaging action of the overlying jaw 
muscles and gentle manual massage. 

Massaging the gland is an extremely im- 
portant though somewhat hazardous pro- 
cedure. The pressure exerted by the mas- 
saging fingers must be gentle. The parotid 
must be handled gingerly and with the 
care accorded other infections on the face. 
The gland is always ‘“‘milked”’ in the direc- 
tion of the normal flow of its secretions. 
Patients almost invariably complain of 
pain during the procedure. This should 
not deter one, as it is essential that drainage 
be maintained. The nurse and the patient 
are carefully instructed in this “milking”’ 
procedure. Thus, constant emptying of 
the parotid secretions and pus is assured 
throughout the day and night. 

Lugol’s solution, minims xx every three 
hours, has been advised for acute paro- 
titis on the theory that the drug has an 
antiseptic value which it may exert while 
being secreted from the salivary glands 
(9). We have no opinion concerning this 
form of treatment. The few patients in 
whom we used Lugol’s solution also re- 
ceived roentgen therapy and supportive 
care. The ethyl ether of 8-methylcholine 
may prove of value. This drug increases 
silivary flow about ten-fold, the effect 
lasting several minutes (4). We have 
never used the ethyl ether of #-methyl- 


choline but intend doing so in our next pa- 
tients with acute postoperative parotitis. 

We have treated 47 patients with acute 
postoperative parotitis with roentgen ther- 
apy. Of this group 19 (40 per cent) re- 
sponded rapidly within a period of four 
days. In 13 patients (28 per cent) the 
improvement was less dramatic, though 
the course of the disease was somewhat 
shortened. Thus, 32 of the entire group of 
47 patients (68 per cent) were benefited. 
Fifteen patients (32 per cent) had little 
or no effect from the treatment. In 7 
instances incision and drainage of the 
gland were resorted to. 

Death from parotitis alone is rare. It is, 
therefore, extremely difficult to determine 
the mortality attending this complication. 
Whereas in some individuals parotitis is the 
chief factor responsible for death, there are 
others in whom the mortality must be 
attributed solely to the primary disease. 
Our data suggest that acute postoperative 
parotitis may have been the precipitating 
cause for death in from 20 to 30 per cent 
of the cases. 

It is only fair to state that the results re- 
ported above represent the findings in the 
entire group and include many patients 
who did not receive the comprehensive 
supportive care that now is regarded as 
essential. Our recent results, in patients in 
whom adequate parotid drainage has been 
maintained, have been much more satis- 
factory. Six patients belong in the latter 
group. Allare well. One required incision 
and drainage. 


CONCLUSIONS 


Roentgen therapy is a valuable adjunct 
in the treatment of postoperative parotitis 
and will cure most patients if meticulous 
supportive care is provided and oral clean- 
liness and constant parotid drainage are 
maintained. 


3490 Spruce St., Philadelphia, Penna. 
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DISCUSSION OF SYMPOSIUM ON 
INFLAMMATIONS 


J. P. Rousseau et 


(Papers by A. U. Desjardins; 

al.; W.C. Popp and H. L. Williams; R. E. Fricke 

and G. F. Madding; J. F. Kelly and D. A. Dowell; 
E. P. Pendergrass and P. J. Hodes) 


H. Dabney Kerr, M.D. (Iowa City, Iowa): Dr. 
Pendergrass is to be congratulated on his able ar- 
rangement of the symposium which again brings to 
the foreground, as it should, the vital question of 
irradiation of inflammatory conditions. 

It is a privilege as well as a responsibility to be 
asked to open the discussion on this group of inter- 
esting papers. Dr. Desjardins has given us in his 
usual clear and convincing style his concept of the 
basic action of radiation on inflammatory conditions. 
He also cites good experimental evidence in support 
of his contention that the effect is chiefly on the 
polymorphonuclear leukocytes and lymphocytes. 
That these cells are much more sensitive than most 
other tissues of the body, I think no one denies, and 
their destruction may well be the basic reason for the 
favorable response of inflammations to irradiation. 
I am personally inclined, however, to the view that 
it is not the only factor, and that increased blood 
supply may play a considerable réle. I have seen 
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a local temporary erythema due to vascular dilata. 
tion occur in the skin within a half hour and most 
of us, I am sure, have observed rapid acute swelling 
of the neck after moderate doses to nodes in this 
region. These changes must, I think, be explained 
on the basis of vascular phenomena and not celly. 
lar disintegration per se. I believe, also, that there 
may be some unrecognized factors which have a par- 
ticular bearing on the relief of pain. 

I should like to ask Dr. Desjardins to what he 
attributes the favorable response of inflammations 
which are apparently of toxic and not bacterial 
origin, and of those lesions in which there is calcium 
deposit, as so-called bursitis or peritendinitis, [py 
some of these the calcium disappears quite promptly 
following small amounts of radiation. I wonder if 
this can be explained on the theory of cellular de- 
struction. I find it difficult to explain on the 
basis of hyperemia alone, since many cases that 
respond to irradiation have failed to benefit from 
previous physical therapy in the form of diathermy 
or other heat-producing measures. The question 
of pain relief is alsc connected with this problem. 

Dr. Rousseau has made a valuable contribution to 
our knowledge of the treatment of pneumonia. He 
rightly assigns to the sulfonamides the first place 
in treatment but brings forcibly to our attention the 
necessity of remembering that in those cases which 
do not respond favorably to chemotherapy and in 
those in which chemotherapy is contraindicated, we 
have a second line of defense in the roentgen ray. I 
think many of us have ceased to think of pneumonia 
as a disease in which radiation plays any significant 
therapeutic rdle, but Dr. Rousseau has shown this to 
be a mistake. 

I was much interested to hear that Dr. Rousseau 
makes sure that the sulfonamide is discontinued 
before irradiation, as we have gained a very definite 
clinical impression that the combined effect of these 
drugs and roentgen rays is not so good as that of 
either agent used alone. This clinical impression 
we have confirmed experimentally in mice infected 
with staphylococcus, using sulfanilamide. Either 
measure was fairly efficacious when used alone, but 
when both were used the organisms were much 
more lethal. The mechanism of this interaction is 
not at all clear. It may have some relation to the 
breaking down of sulfanilamide, a phenomenon 
which occurs when it is irradiated with ultraviolet 
rays. According to Fox and his collaborators, a 
variety of unstable substances in various stages ol 
oxidation and reduction are formed when sulfa- 
nilamide is irradiated, but the bactericidal proper- 
ties of these substances have not yet been worked 
out. As yet, however, there is no experimental 
evidence to show that roentgen rays cause the drug 
to break down. 

I should like to ask Dr. Rousseau whether or not 
he has ever had evidence that any of his patients 
was sensitized to irradiation by the sulfonamide or 
vice versa. There are several reports in the literature 
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stressing this side of the picture. One patient who 
was receiving sulfanilamide for tonsillitis and 
cervical adenitis was apparently made much worse 
py the administration of two doses of 100 roentgens 
to the affected nodes. Regardless of these theo- 


retical considerations, the fact remains that Dr. 
Rousseau was able to save a goodly percentage of 
his pneumonia patients in the face of contraindica- 


tions to chemotherapy. 

Dr. Popp and Dr. Williams have presented us 
with an interesting series of cases of sinusitis from 
which the usual objection of the otolaryngologist 
has been removed, namely, that the cases were 
studied and observed only by an enthusiastic radi- 
ologist. While that objection is undoubtedly valid 
in some instances, I think radiologists are no more 
prone to exaggeration than are other specialists. 
The co-authorship of a radiologist and otolaryn- 
gologist, however, adds to the value of the contribu 
tion. 1 think that more sinus disease should be 
treated by irradiation, and preferably in the early 
stages, but this will not occur until we have the co- 
operation of the other specialty and have broken 
down the feeling that exists among a great many 
that irradiation constitutes an infringement of their 
inalienable rights. I do not advocate not treating 
these patients by local means as well, but I insist 
that anything that will ease their pain and relieve 
the engorgement is worth while. Incidentally, the 
relief of engorgement would not appear to indicate 
that there is an increase in blood supply in these 
cases. In our experience, however, some prompt 
but transitory exacerbation of pain results before 
cearing occurs, and this, I think, does mean in 
creased circulation. 

May I ask Dr. Popp for his explanation of the 
phenomenon of the prevention of recurrent attacks 
of sinusitis? We have observed this prevention of 
recurrence in cases of localized herpes but we have 
not noted it in our sinus irradiation, although, 
frankly, we do not have a large volume of this type 
of work. It is well worth noting that the results 
reported by Dr. Popp and Dr. Williams indicate 
that the treatment of sinusitis should not be too 
localized, but should include all sinuses and their 
ostia. 

There is no question but that anything which will 
reduce the mortality or morbidity of peritonitis 
should be a great boon to the surgeon. It has been 
interesting to hear of Dr. Kelly's results in the treat- 
ment of this condition and he is to be congratulated 
on saving so many of his cases. I wonder if he will 
be kind enough to theorize on the probable mecha- 
msm of prophylactic irradiation. Is it an increased 
blood supply, a devitalization of the potentially 
present organisms, or the increase in antibodies 
which overwhelm the infection before it has a chance 
to spread? 

lam interested in Dr. Kelly's statement that he 
suspects that sulfathiazole may not be contraindi- 
cated with irradiation. Our work was done only 


with sulfanilamide and we have insisted on with- 
drawing the drug at least 48 hours before irradiation 
is instituted. Perhaps we have been too cautious in 
this respect since the advent of the newer sulfon- 
amides. Some experimental work along this line 
would be interesting and important. 

Drs. Fricke and Madding and Pendergrass and 
Hodes have done us a service in again calling atten- 
tion to the irradiation treatment of postoperative 
parotitis. Radium and roentgen therapy each has 
its advantages, but where it is feasible to move the 
patient I prefer the latter because the irradiation 
takes less time, is more uniform in its distribution, 
and does not necessitate placing an applicator on a 
very tender part. In the treatment of the bedfast 
patient, however, radium is very valuable. 

I was especially pleased that in their presentation, 
Drs. Pendergrass and Hodes did not confine their 
remarks to irradiation treatment, as called for by 
the title of their paper, but emphasized ancillary 
forms of therapy directed at the primary cause of 
the infection. Too many of us are willing to ir- 
radiate patients sent to us without looking at the 
broader aspects of their disease. It behooves us, 
I think, to be constantly aware that first of all we 
are physicians, that all aspects of the patient's 
disease are of interest, and that neglect of any one 
phase may turn the tide against us. 


Eugene P. Pendergrass, M.D.: Doctor Des- 
jardins, will you comment on the work of Tuttle at 
the New York Hospital, who found that treated 
animals were more susceptible to induced skin in- 
fections than untreated ones? 


A. U. Desjardins, M.D.: If I understand 
Dr. Kerr's question correctly, it is how I explain 
the effect of x-rays on inflammations or infections 
in which leukocytic infiltration is not a prominent 
feature. In inflammations of this character, or of 
any other character, it must be remembered that, 
besides leukocytic infiltration, hyperemia is taking 
place at the same time; in fact, the hyperemia begins 
before the infiltration. Under these conditions, 
the circulating blood in the inflamed region con- 
tains more leukocytes than it does under normal 
conditions. The rays act not only on the leukocytes 
which have migrated into the tissues, but also on 
those in the blood which is circulating in the vessels 
of the inflamed territory. In a condition such as 
chronic bronchial asthma, roentgen treatment may 
be directed toward the spleen, the liver, the medi- 
astinum, the head, or, indeed, toward any part of 
the body through which a large quantity of blood 
circulates, and the effect on the asthma will be very 
nearly the same, regardless of the region treated. 
This is probably because the rays act primarily on 
the leukocytes in the circulating blood; a proportion 
of the more sensitive forms of leukocytes are de- 
stroyed, and the products of their disintegration are 
mixed with the blood stream; the result appears to 
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be essentially an autogenous protein reaction. Re- 
ferring to inflammations in which leukocytic in- 
filtration is a minor factor, as I explained in the 
paper, the fact that leukocytic infiltration is slight 
or practically absent may explain why small doses 
repeated at short intervals give better results than 
larger, single doses which are most effective in other 
forms of inflammation. 

In connection with the second point raised by 
Dr. Kerr, concerning the action of roentgen rays 
on calcifying myositis or bursitis, there is no doubt 
that roentgen treatment often produces a definitely 
and rapidly favorable effect. Just how this effect is 
brought about has not yet been made clear. No 
doubt, a number of factors play a part, but their 
nature is still unknown. 

Regarding the paper on sinusitis, which I read 
for the authors (Williams and Popp), the question 
was asked how roentgen treatment prevents the 
recurrence of such inflammations. Dr. Popp and 
I have talked about this many times, but we are 
not in a position to explain it. 

As for the work of Tuttle and his co-workers, I 
cannot discuss this properly because of insufficient 
information about the technical details of irradia- 
tion. It is possible that the doses used might explain 
the development of septicemia. As you know, when 
inflammatory lesions are treated with roentgen rays, 
it is essential to get away entirely from the con- 
ception of tumor doses, since doses of such mag- 
nitude may not only increase the inflammatory 
process rather than diminish it, but may even pro- 
duce sarcoma, as the work of Lacassagne would seem 
to indicate. Although evidence of this kind in 
human beings has never been presented, the fact of 
its occurrence in animals should be sufficient to make 
us pause. 

With reference to the size of the field, my experi- 
ence has been that treatment should be given widely 
beyond any visible involvement. When, for ex- 
ample, the inflammation appears to be confined to 
one cheek, the whole side of the head and upper half 
of the neck should be treated. When the inflam- 
mation appears to consist of a patch on the thorax, 
the whole front of the thorax down to the navel 
should be treated. The wider the area treated, 
within reasonable limits, the better the results. 
This is certainly true in conditions such as erysipelas 
or gas bacillus infection, probably because what is 
seen may be only a part of the process. Beyond the 
zone of involvement visible on the surface, there 
may be an internal zone of tissue in which the process 
is extending. 


James P. Rousseau, M.D.: Dr. Kerr’s ques- 
tion as to whether or not the previous use of sul- 
fonamides may have sensitized some patients to 
x-ray, I am unable to answer. Most of the deaths 
in our small series of treated cases were so early 
that we were unable to attribute them to anything 
other than the severe pneumonic illness. 
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The question in regard to the combined use of 
sulfonamide therapy and roentgen therapy in par- 
ticular infections has, I believe, already been an. 
swered by Dr. Kerr in his excellent discussion. It 
is certainly my feeling that until more is known 
about the reactions of both the sulfonamides and 
x-ray that the two should not be combined. 


James F. Kelly, M.D.: The question, already dis- 
cussed, as to whether the effect of the x-rays is on 
the blood vessels or on the cells, cannot be definitely 
answered. If, however, treatments are given with 
small doses at short intervals, no initial swelling oc- 
curs, the area of inflammation tends to regress, and 
there is, I believe, an increased blood supply, which 
means opening of the finer capillaries and small 
vessels, as Dr. Pendergrass has stated. I also 
feel quite certain, from the clinical aspects, that there 
is some antitoxic effect, which may be attributed to 
the increased production of antibodies by the cells. 
I see no reason why these two effects cannot occur 
simultaneously and without any conflict. 

The question has been asked, how large a dose of 
x-ray would you give a young woman with peri- 
tonitis? In practically all of our anti-inflammatory 
treatments less than an erythema dose is given, and 
this in a period of two to five days. In a severe 
peritonitis our chief interest is in the patient's re- 
covery, regardless of the possibility of later com- 
plications. Therefore, we might go a little above 
the usual 60 or 70 per cent dose, though as a rule 
this is not necessary. In the presence of a strangu- 
lated hernia or a perforation in the bowel which 
has not been repaired there will be continual con- 
tamination of the peritoneum and the continuation 
of the toxemia requires a prolonged series of x-ray 
treatments. The average patient receives about 
60 or 70 per cent of a skin erythema, and with the 
low voltage and low filtration used, no harm should 
come to any young woman. We are especially care- 
ful about young girls and pregnant women. 

Although Fried made his first report on the x-ray 
treatment of pelvic peritonitis in 1924, we have 
seldom been called upon to treat this condition, 
as recovery usually ensues without x-ray therapy. 
If pelvic peritonitis becomes a general peritonitis 
and the patient's life is endangered, we are then 
called upon; in such cases we treat the entire 
peritoneal cavity, and have obtained good results. 

We believe that the use of x-rays for the preven- 
tion of peritonitis, after an operation on the bowel 
for instance, is extremely helpful. We do not hesi- 
tate to give 75 r units over the entire abdominal 
cavity once each day for three days, which is about 
the same dose that would be given to prevent osteo- 
myelitis in a compound fracture. 


The questions which I 
am asked to consider make up in quality what they 
lack in quantity. One is: ‘Does x-ray therapy in- 
terfere with typing of sputum as do sulfa drugs? 


Robert Fricke, M.D.: 
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[do not think so. I think that the treatment slowly 
and gradually increases the resistance of the tissues 
and that the infection regresses instead of continuing 
and forming an abscess, as is usually the rule. With 
the small dosage employed, the treatment naturally 
has no direct lethal effect on the bacteria themselves. 

The next question is: ‘Do you often find that 
jollowing irradiation for acute parotitis, the pa- 
tient’s general condition improves rapidly, but the 
enlarged gland requires something more in order to 
regress to its normal size?’ It is true that the effect 
is gradual and one has to be patient, since it takes 
several days after treatment for the parotitis to re- 
gress. We have had to repeat treatments in only a 
small percentage of cases, and in these instances we 
have usually waited a week or ten days to make 
sure that another treatment was necessary. Often 
there is a delayed reaction—perhaps five or six days 
later the parotitis suddenly subsides. 


A. U. Desjardins, M.D.: I am asked a ques- 
tion involving the dose of rays given at each session 
of treatment and the direction of the beams of rays 
in the treatment of acute sinusitis. The dose given 
to each field the first time is 75 to 100 roentgens. 
4s I mentioned in my paper, the treatment is re- 
peated, if necessary, two or three days later. The 
beams of rays should converge from each side of 
the face at an angle of 30 or 35 degrees, depending 
on the patient. Each half of the face should be ir- 
radiated separately, and the eyes and the bridge 
of the nose should be included. 

Asecond question is: “‘Are you worried about the 
late development of cataract when the eyes are not 
protected during treatment?’ If the dose is kept 
below the tolerance of the eyelids, there need be no 
fear of cataract. As you know, the eyelids are 
slightly more sensitive than the surrounding skin 
of the face, just as the skin of the scrotum is more 
sensitive than the skin of the leg. If the tolerance 
of the eyelids is borne in mind, it must be obvious 
that the dose recommended is far below this toler- 
ance. A dose of 100 roentgens may be repeated 
several times at suitable intervals without danger. 
The experiments of Peter and of Rohrschneider have 
shown that roentgen rays can induce cataract when 
doses beyond the tolerance of the eyelids and con- 
junctiva are given to the ocular structures, and 
especially when doses of this magnitude are repeated 
anumber of times. Under these conditions, cata- 
tact may develop two, three, or even four years 
later. 

The next question, having to do with chronic in- 

tions, was actually answered in the paper, 
though apparently I failed to make my points suffi- 
cently clear. One part of the question appears to 
assume that roentgen treatment does not have 
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favorable results in chronic inflammations. This is 
not true. Treatment with roentgen rays often has 
a favorable result when the lesions are properly 
treated. Only, in order to produce the most favor- 
able results, larger doses of rays must be employed, 
and the treatment must be repeated a number of 
times at suitable intervals. It is well known that, 
from a pathologic standpoint, chronic inflammations 
are characterized by more or less leukocytic in- 
filtration, much of which consists of lymphocytes. 
Besides this, however, there may be varying degrees 
of proliferation of connective tissue, and of hyaline, 
caseous, or calcareous degeneration. Under these 
circumstances, it is not difficult to understand why 
larger doses are needed and why these doses have to 
be repeated. In cases of tuberculous adenitis or 
tenosynovitis, for example, the patient may have 
to be treated every four weeks for six, eight, or even 
twelve months. The pathologic process responds 
favorably in most cases, but this favorable response 
takes place slowly. In my experience, the best range 
of dosage in chronic inflammations is from two-thirds 
to three-fourths of the so-called erythema, or toler- 
ance, dose. For a time which may vary from two 
to four or five weeks, the discharge from sinuses 
may increase. After this, however, the discharge 
gradually diminishes until it finally stops and healing 
takes place. This is the course usually observed in 
most tuberculous lesions in which sinuses are pres- 
ent. When sinuses are not present, the lesions 


usually heal more rapidly; in other words, less treat- 


ment is required. In a general way, much the same 
is true in other chronic inflammations, except that 
some of them do not have to be treated nearly so 
long. 

The presence of infiltrating leukocytes increases 
the radiosensitiveness of chronic inflammations. 
Therefore, the greater the proportion of leukocytic 
infiltration, the more radiosensitive such lesions 
tend to be, and vice versa. Hyaline, caseous, or 
calcareous degeneration of cells tends to retard and 
diminish the effect of the rays. It is obvious that 
cells undergoing these forms of degeneration are 
actually dead cells and cannot be influenced by 
roentgen rays or by any other agent. Another factor 
which tends to retard or diminish the action of the 
rays is the presence of proliferating connective tis- 
sue. As is well known, this is much less sensitive 
to roentgen rays than are leukocytes. Consequently, 
the proportion of proliferating connective tissue or 
of hyaline, caseous, or calcareous degeneration, on 
the one hand, and the proportion of leukocytic in- 
filtration, on the other hand, tend to work in op- 
posite directions. The effect of the rays, therefore, 
may be more or less favorable, depending on the 
relative proportion of these different factors. 
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1 INTERESTING and relatively rare 
condition of mediastinal emphysema 
has been described by various authors. 
Hamman (5, 6) in 1937 published a series 
of 6 cases and in 1939 reported an addi- 
tional case. Mediastinal emphysema is 
preceded in the great majority of instances 
by interstitial emphysema of the lungs. 
The air in the interstitial tissues reaches the 
mediastinum by traveling along connec- 
tive-tissue bands which surround the bron- 
chi and blood vessels. 

The first accurate description of the 
pathological anatomy of interstitial em- 
physema of the lungs was by Laennec. 
The condition had, however, been recog- 
nized clinically long before his time by the 
appearance of air in the subcutaneous tis- 
sues about the neck following injury to the 
chest or forceful distention of the lungs. 

Interstitial emphysema often follows 
trauma to the chest and may occur, also, 
during induction of therapeutic pneumo- 
thorax. A case was reported by Mat- 
suzawa (10) in which an attempt at in- 
duction of artificial pneumothorax set up 
a small tension pneumothorax and allowed 
the escape of air from the pleural cavity 
into the mediastinal space and up into the 
neck. Matsuzawa felt that this was a 
rather rare complication and attributed it 
to a tear in the mediastinal pleura. Dis- 
tention of the lungs produced by forceful 
muscular effort with the glottis closed may 
cause interstitial emphysema. It has 
been observed in new-born infants follow- 
ing attempts at resuscitation and in 
children after severe paroxysms of cough- 
ing. It may also develop during child- 
4 Accepted for publication in October 1941. 


birth and after lifting of heavy objects. 
Spontaneous interstitial emphysema of the 
lung without a history of trauma or un- 
usual pulmonary distention is not un- 
common. 

Small amounts of air escaping into the 
interstitial tissues may give no symptoms or 
only localized pain. If a larger amount of 
air escapes, it may form a subpleural bleb 
or find its way into the mediastinum. 
In the latter case symptoms may be se- 
vere, simulating coronary occlusion. Dif- 
ferential points in the diagnosis include the 
absence of shock and of myocardial weak- 
ness. A distinctive sign of mediastinal 
emphysema is a peculiar crunching, crack- 
ling, bubbling sound heard over the heart 
with each contraction, due to compression 
of the air-filled mediastinal tissues lying 
between the heart and the anterior chest 
wall. The diagnosis is assured by the ap- 
pearance of air in the subcutaneous tissues 
of the neck. 

In two of Hamman’s (5, 6) seven cases, 
the interstitial and mediastinal emphysema 
was accompanied by pneumothorax. This 
was probably produced by escape of air 
from the mediastinum. All of the pa- 
tients recovered with no special treatment 
other than rest and sedatives. 

In an experimental study Macklin (9) 
was able in some of his animals to demon- 
strate clearly the point of rupture through 
the mediastinal wall. Hamman (6), quot- 
ing from Macklin’s (9) work, states that 
by direct experiment in animals it was 
found to be very easy to force air from the 
mediastinum into the pleural cavity, but 
it was never possible to force air from the 
pleural cavity into the mediastinum. 
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Before considering the pathologic 
anatomy and physiology of pneumomedi- 
gstinum it may be well to review briefly 
the normal anatomy of the mediastinum 
4). It lies between the right and left 
pleurae and extends from the sternum in 
front to the vertebral column behind, and 
from the upper border of the sternum to 
the diaphragm. It is divided for purposes 
of description into an upper and a lower 
portion. The upper, above the level of 
the pericardium, known as the superior 
mediastinum, is bounded below, strictly 
speaking, by a slightly oblique plane pass- 
ing backward from the junction of the 
manubrium and the body of the sternum 
to the lower part of the body of the fourth 
thoracic vertebra. Laterally it is bounded 
by the pleurae, in front by the manubrium 
sterni, and behind by the upper thoracic 
vertebrae. The lower portion, below the 
upper level of the pericardium, is sub- 
divided into three parts: the anterior 


mediastinum, in front of the pericardium; 
the middle mediastinum, containing the 
pericardium and its contents; the posterior 


mediastinum, behind the pericardium. 

The superior mediastinum contains the 
aortic arch; innominate artery; thoracic 
portions of left common carotid and left 
subclavian arteries; innominate veins and 
upper half of the superior vena cava; the 
left highest intercostal vein; the vagus, 
cardiac, phrenic, and left recurrent nerves; 
the trachea, esophagus, and thoracic duct; 
the remains of the thymus and some 
lymph nodes. 

The anterior mediastinum contains loose 
areolar tissues, lymphatic vessels and a few 
lymph nodes, and the mediastinal branches 
of the internal mammary artery. 

In the middle mediastinum are the heart 
enclosed in the pericardium; the ascend- 
ing aorta; the lower part of the superior 
Vela cava with the azygos vein opening 
into it; the bifurcation of the trachea and 
the two bronchi; the pulmonary artery, 
dividing into its two branches; right and 
eft pulmonary veins; the phrenic nerves; 
some bronchial lymph nodes. 

The posterior mediastinum contains the 


thoracic part of the descending aorta; the 
azygos and hemiazygos veins; the vagus 
and splanchnic nerves; the esophagus and 
thoracic duct; some lymph nodes. 

In the demonstration of the pathologic 
picture of mediastinal and _ interstitial 
emphysema, the work of Macklin (8) has 
played an important part. He has demon- 
strated the transport of air along the vascu- 
lar sheaths in experimental animals, after 
overdistention of the pulmonary alveoli by 
air. The air finds its way to the vascular 
sheaths through multiple small ruptures 
in the alveolar bases overlying the finer 
ramifications of the pulmonary blood ves- 
sels. The pulmonic blood vessels become 
compressed and arterial and venous circu- 
lation is impeded. Similar air-tunneled 
vascular sheaths have been observed in 
the human lung and can occur as a result of 
excessive intrapulmonic pressure during 
faulty administration of anesthesia by the 
closed method. 

Interstitial emphysema of the lungs is 
important because of pulmonary circula- 
tory embarrassment and formation of sub- 
pleural blebs, which may rupture, causing 
pneumothorax. Pathologic air transport 
may distend the mediastinum and further 
embarrass circulation through pressure on 
the heart and great vessels, with a fatal 
outcome. Pneumomediastinum may re- 
sult in pneumoprecordium, interstitial em- 
physema of the opposite lung, or pneumo- 
retroperitoneum, and the emphysema may 
extend to the groin, leg, neck, or head. 
Such extensions tend to relieve mediastinal 
circulatory distress. 

According to Jessup (7), mediastinal em- 
physema may occur as a complication in a 
great variety of conditions. It has been 
known to result from injuries and diseases 
of the lung, from perforations of the chest 
wall, artificial pneumothorax, perforating 
wounds of the larynx, trachea, and bronchi; 
wounds of the neck and diaphragm; also 
from rupture of the esophagus. In one 
case a rupture of the stomach produced re- 
troperitoneal emphysema which extended 
to the mediastinum. 

Mechanisms of production are numer- 
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Fig. 1. Case 1: A. 


between the layers of the cervical fascia on both sides. 
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Roentgenogram 36 hours after birth, showing air in the anterior mediastinum and 


B. Lateral view, showing air in the anterior and 


superior mediastinum; the heart is compressed and displaced posteriorly 


ous, but symptoms are constant and sig- 
nificant. 

The effects seem to be the result of 
increased mediastinal pressure. The out- 
standing effect is a mechanical inter- 
ference with circulation brought about by 
compression of the large veins entering 
both sides of the heart. Most of the out- 
ward signs observed are dependent on this 
blockage of circulation. Symptoms and 
physical signs most commonly present are 
extreme cyanosis and dyspnea, rapid pulse, 
congestion of the superficial veins of the 
neck, and low blood pressure. Subcutane- 
ous emphysema is usually present. 

Many cases end fatally, but death may 
be avoided in some instances by early 
recognition of the condition and the appli- 
cation of suitable treatment. The latter 
Jessup considers from two aspects: con- 
trolling the source of air and giving an out- 
let to the air already accumulated. 

Fisher and Macklin (2) described a fatal 
case of pulmonic interstitial emphysema 
occurring in a child of 22 months, arising 
from aspirated pieces of peanut. The 
pathologic picture was that of a pulmonic, 
perivascular emphysema of the left lung 
and in the hilus region of both right and 
left lungs, together with the presence of 
large bubbles of air in the anterior and 


superior mediastinum and in the loose tis- 
sue overlying the parietal pericardium. 
This caused compression of, and obstruc- 
tion to, the pulmonary and mediastinal 
circulation, producing severe dyspnea, cy- 
anosis, and anoxemia, as well as impeded 
action of the heart. Circulatory embar- 
rassment from the pressure of this em- 
physematous air was the principal cause 
of death. 

A case of mediastinal emphysema associ- 
ated with a spontaneous pneumothorax on 
the left was presented by Morey and Sos- 
man (12). The patient was a young adult 
who had had a spontaneous pneumothorax 
on the right side sixteen months previ- 
ously. On auscultation over the chest a 
peculiar knock or click, resembling at 
times the squeak of a leather saddle, was 
clearly heard. The patient made a com- 
plete recovery with no treatment other 
than rest and sedatives. The crackle in 
the chest persisted for two weeks and the 
pneumothorax had completely disappeared 
in three weeks. 

The seriousness of this condition de- 
pends upon the amount of air that escapes 
from the lungs and the pressure that 1s 
built up in the mediastinum. Ballon 
and Francis (1) have shown that the blood 
vessels of the mediastinum are the frst 
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SPONTANEOUS PNEUMOMEDIASTINUM 


Fig. 2. Case 1: A 
in the mediastinum and less displacement of the heart. 
sorption of the mediastinal air 


structures to be compressed. This in turn 
produces cyanosis and air hunger. Cut- 
ting the skin over the neck to allow air to 
escape has been done. 

Graebner (3) reported three cases where 
pneumomediastinum occurred in patients 
with acute obstructive laryngitis. The 
characteristic crackling murmur over the 
precordium was noted. The extrapulmo- 
aary air was quickly absorbed after its 
continued extravasation was stopped by 
dimination of the obstruction. Graebner 
states that the occurrence of pneumo- 
mediastinum is directly influenced by ob- 
struction of the respiratory tract and ‘“‘is 
not directly due to nor proximately the 
result of tracheotomy per se.”’ 

In contrast to the above, Michels (11) 
presented six cases of acute laryngeal ob- 
struction, in five of which pneumothorax 
aid mediastinal emphysema followed 
tracheotomy. Three of the six patients 
died. Two recovered with no primary 
veatment of the pneumothorax and one 
with continuous closed drainage. 

Stenbuck (13) believes that diffuse sub- 
cutaneous emphysema in traumatic cases 
usually arises superficially in the chest wall 
ad not in the mediastinum. The com- 


Roentgenogram made immediately after withdrawal of air, showing much less air 


B. One week later there is essentially complete ab- 


monest causes on a traumatic service are 
penetrating wounds of the chest and frac- 
tured ribs causing laceration of the lung. 
Only two cases of primary mediastinal em- 
physema were seen by this writer, both in 
patients with severe crushing injuries of 
the entire chest. 


CASE REPORTS 


Case 1: Baby C., a premature male infant 
(7 months gestation), was delivered spontaneously 
at 7:00 a.m. Dec. 11, 1940. The baby was quite 
cyanotic; respirations were shallow. Carbon di- 
oxide and oxygen were administered but there was 
no improvement. The temperature was 99° F. 
at the end of the first twenty-four hours, and there- 
after varied from 98° to 98.6°. The white blood 
count was 20,650 at the end of forty-eight hours, 
with 83 per cent polymorphonuclears. 

Thirty-six hours after birth anteroposterior (Fig 
1-A) and lateral (Fig. 1-B) negatives of the chest 
were made and air was seen in the anterior and 
superior mediastinum and between the layers of 
the cervical fascia on both sides. A needle was 
introduced under the sternum in the fourth ante 
rior interspace on the right and the escaping air 
forced the plunger out of the syringe attached to the 
needle. A negative made immediately following 
this (Fig. 2-A) revealed much less air in the 
mediastinum, and a week later (Fig. 2-B) all of the 
mediastinal air had been absorbed. 

Case 2: Baby S., a premature female infant 
(8 months gestation), was delivered spontaneously 





Fig. 3. Case 2: A. Roentgenogram made 72 hours after birth, showing air in the anterior mediastinum 
B. The lateral negative shows air in the superior and anterior mediastinum with slight posterior displacement 
of the heart 


rom 


Fig. 4. Case 2: A. Three days after the roentgenograms shown in Fig. 3 were made the air in the 


f 


mediastinum is seen to be decreased in amount B. One month after birth there is no evidence 0 
mediastinal air 
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of a primiparous mother following labor of four 
hours’ duration on Feb. 2, 1941. The baby was 
cyanotic at birth and remained so for two days. 
There was no abnormality in the size, shape, or re- 
spiratory movements of the chest. Upon crying the 
haby became a normal red color. Physical ex- 
amination of the heart was negative. Breath 
sounds could be heard only over the hilar portions 
of the lungs. The temperature was 97° at birth and 
in the hospital ranged between 97° and 99°. 

Twenty-four hours following birth a routine an- 
teroposterior negative of the chest was made which 
was interpreted as showing left pneumothorax with 
right congenital atelectasis. Forty-eight hours 
later anteroposterior (Fig. 3-A) and lateral negatives 
(Fig. 3-B) of the chest were made which showed air 
in the anterior and superior mediastinum and no 
pneumothorax. A lateral negative of the chest 
Fig. 4-4) was made on the sixth day of life and the 
air shadow in the anterior mediastinum was present 
but smaller in amount. 

No attempt at removal of the mediastinal air 

was made. The cyanosis disappeared on the third 
day of life and the patient had an uneventful hos- 
pital course. 
"Qn March 3, 1941, an opportunity was afforded to 
re-examine the chest because of an upper respiratory 
infection. Roentgenograms in the anteroposterior 
and lateral (Fig. 4-B) projections failed at that time 
toshow any mediastinal air. 


SUMMARY 


The literature on mediastinal em- 
physema and interstitial emphysema of the 
lungs has been reviewed and two addi- 
tional cases are presented. Pathologic air 
transport along vascular sheaths has been 
definitely demonstrated, both in experi- 
mental animals and in man. The condi- 
tion is probably more common than has 
heretofore been realized and should be 
considered in the differential diagnosis in 
all cases of chest injury and in cases of pre- 
cordial pain without the usual findings of 
coronary occlusion. In infants particu- 
larly, the combination of persistent dysp- 
nea with signs of increasing circulatory 
embarrassment warrants consideration of 
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the possibility of pneumomediastinum, as 
relief of increased mediastinal pressure may 
be life-saving. Roentgenography of the 
chest, especially in the lateral projection, 
is diagnostic. Air between the layers of 
the cervical fascia may be apparent on the 
negative before it is possible to detect it 
clinically. 


Research Hospital, Kansas City, Missouri 
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Roentgen Manifestations of Bejel (“Endemic Syphilis”) 
as Observed in the Euphrates River Valley 


GLENN S. ROST, M.D. 


Deir-ez-Zor, Syria 


BE Is A  treponematosis endemic 
among the nomad and semi-nomad 
inhabitants of the Euphrates River Valley. 
Its clinicai description has initiated a re- 
consideration of certain differences be- 
tween syphilis and yaws and has led to a 


Fig. 1. A. 


swelling was noted for one and one-half years 


size during the past two months 


Bejel in the ulna of a ten-year-old child 


bejel, and others have already portrayed 
the clinical manifestations of this child- 
hood treponematosis. These writers have 
called attention to its predilection for skin, 
mucous membrane, and 
and also to the absence of involvement of 


osseous system, 


8B 


Slight 
Rapid increase in 


B. Advanced periosteal thickening as the result of bejel con 


tracted in childhood. 


Symptoms for six months only 


Note the 


moth-eaten appearance and the change in character of the perios- 


teal proliferation. 


consideration of the relationship of bejel 
to these disease entities. 

Inasmuch as the roentgenologic mani- 
festations of bejel provide another ap- 
proach to its study, it is proposed to set 
forth briefly the major diagnostic features 
of the disease demonstrable by roentgen 
examination. 

E. H. Hudson first accurately described 


1 From the Deir-ez-Zor Medical Center. 
for publication in December 1941. 


Accepted 


cardiovascular and central nervous 
Hudson (7), referring to the 
**Peri- 


the 
systems. 
bone changes, says of the disease: 
ostitis and bone necrosis are found in both 
early and late lesions.’’ Elsewhere (5) he 
states that it is ‘not productive of ap- 
parent lesions in the nervous, cardio- 
vascular, or other interstitial organs... - 
The bone lesions of bejel have many 
features in common with those of acquired 
syphilis and to some extent also with those 


320 








lley' 


Tayed 
child- 

have 
’ skin, 
‘stem, 
ent of 


ous 
the 
eri- 
oth 
) he 
ap- 


lio- 


ny 
red 
ose 





seen in late heredosyphilis. Lesions simi- 
lar to the early lesions of heredosyphilis 
have not been observed in our studies thus 
far. 

Bejel of the bones is predominantly a 
periosteal and endosteal proliferation with 
varving degrees of rarefaction. The shafts 
of the long bones are most frequently in- 
volved, especially the tibia and ulna, 
although no bone is exempt. These lesions 
have not been observed below the age of 
five years. 

The early manifestations are primarily 
those of a periosteal thickening with re- 
sultant increase in bone caliber. The 
periosteal new bone is most frequently seen 
in layers parallel to the long axis of the 
bone. The result is usually a dense, irregu- 
lar or spindle-shaped thickening of the 
cortical bone with variable but usually 
minimal changes in the medullary space. 
This may be associated with increased 
density of the underlying bone at later 
stages. The distal third of the ulna of the 
ten-year-old boy seen in Figure 1-A shows 
the lesion. This patient’s blood Kahn 
reaction was four plus. Rarefaction, when 
it occurs in these lesions, leaves a rather 
characteristic moth-eaten appearance of 
the periosteal new bone. 

As time passes, the periosteal surface 
may take on a fuzzy appearance, amount- 
ing to the development of trabeculae of 
new bone lying at right angles to the shaft, 
asin osteosarcoma. A picture very similar 
to the so-called “lace work’’ pattern of 
acquired syphilis may also develop. 
Changes of this type may be observed in 
Figure 1-B. 

These are progressive steps toward a 
type of lesion in which the new bone com- 
pletely fills the medullary cavity. The 
areas of decreased density extend into the 
medullary cavity, the composite picture 
being one of an irregularly thickened shaft 
made up of periosteal and endosteal new 
bone with irregular areas of rarefaction 
outlined against a background of increased 
density. 

The bone lesion itself may be either 
diffuse or localized. When diffuse, the 


ROENTGEN MANIFESTATIONS OF BEJEL 





Fig. 2. A. Forearm of a six-year-old child who 
had bejel one year previously. All stages of peri- 
osteal and endosteal involvement are shown 

B. Roentgenogram of the leg made at the same 
time as that of the forearm 


lesion is essentially one of sclerosis of the 
cortex. Its distribution may be patchy. 
Associated with the increased density there 
is usually an increase in caliber of the bone. 
Areas of rarefaction may appear either in 
the cortex or centrally. When central, 
these areas, not unlike the gummata of 
late syphilis, may be accompanied by a 
peripheral zone of subperiosteal new bone 
formation and condensation, causing a 
localized thickening of the shaft. This in- 
volvement of the shaft may extend to the 
end of the bone and reach the joint. The 
joint involvement is most often localized, 
as in acquired syphilis, to one articular 
surface. This phase of involvement will be 
dealt with more fully presently. In the 
late stages of the active diffuse lesion, in- 
volvement may be extensive, completely 
obliterating normal bone configuration and 
resulting in a concentric enlargement of 
the bone, irregular in contour and with 
uniformly increased density. 

The patient represented in Figures 2-A 
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Fig. 3. A. Roentgenogram made five months 
after the onset of nocturnal bone pain and deform 
ity, and three years after initial infection. In- 
volvement of the elbow joint and of the epiphysis 
of the radius, and dactylitis of the first meta- 
carpal bone are demonstrable on the original film 

Band C. The knee joint of the same patient 
Erosion of one articular surface, as well as epi- 
physeal and metaphyseal involvement, is present. 
This case demonstrates the difficulty of differen- 
tiation from tuberculosis. 


and 2-B had clinical bejel with an associ- 
ated rash at the age of five, one year before 


the roentgenograms were made. Here are 
demonstrated practically all phases of in- 
volvement, including both early and ad- 
vanced periosteal proliferation, endosteal 
changes and areas of destruction not un- 
like the gummata of late syphilis. 

At times one sees large areas of destruc- 
tion of the cortex with variable reduction 
in density and minimal new bone forma- 
tion. The roentgenograms reproduced in 
Figure 3 are of a twelve-year-old boy who 
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had clinical bejel three years before he 
presented himself for treatment. Noc- 
turnal bone pain and deformity of five 
months’ duration finally caused him to 
seek medical aid. His blood Kahn reae. 
tion was three plus. Involvement of one 


Fig. 4. Sequestration is rarely seen. 
This film is presented through the cour- 
tesy of E. H. Hudson. 


articular surface each in the knee and in 
the elbow is worthy of note. 

Another phase of the disease is repre- 
sented by localized gummata-like lesions, 
seen most often in the anterior surface of 
the tibia, and usually associated with a 
marked degree of increased cortical den- 
sity and thickening, as shown in Figure 5-A. 
Here again bone destruction and bone 
proliferation are seen in an ever-changing 
ratio. In the untreated lesion these areas 





larch 1949 


Ore he 

Noc- 
of five 
im to 
| Teac- 
of one 


ROENTGEN MANIFESTATIONS OF BEJEL 


Fig. 5. A 
typical ulcer of late bejel. 


Localized lesion in a boy fourteen years of age. The soft palate had been destroyed by a 


B. Untreated localized involvement in another boy fourteen years of age. 
C. Same case as in B, one month after induction of treatment. The patient received 0.75 gm. of metal 


during the interval 


D. The tibia as seen in bejel of twelve years’ standing. The patient was thirty-five years old and had 


had no treatment 
density. 


of increased density and proliferation are 
usually accompanied by at least one large 
or several smaller well demarcated areas 
of destruction extending deeply into corti- 
Sequestration (Fig. 4) may 


cal bone. 
occur in such lesions but is not the rule. 
Healing may occur spontaneously, leav- 
ing only a certain degree of local irregu- 
larity in contour and density, or a uniform 
regularity similar in all points to the 
saber tibia with its variation in contour, 
density, and bone pattern, and with loss of 
the medullary cavity as such (Fig. 5-D). 
Each of these iesions responds readily to 
small amounts of anti-syphilitic medica- 
tion, less than a gram of bismuth metal 
rendering any one of them temporarily 
asymptomatic and producing x-ray evi- 
dences of the healing process. The most 
notable changes occurring early in treat- 
ment are regression of the periosteal 
changes, deposition of radio-visible bone 
in the existing defects, and decrease of 
cortical density. Figures 5-B and 5-C 
portray the effect obtained in one month 
by the use of 0.75 gm. of bismuth metal. 
Roentgen-ray and fluoroscopic evidences 
o cardiovascular involvement have not 
been encountered under circumstances ir- 
telutably attributable to bejel. Like- 


There was no complaint referable to this region. Note the variation in contour and 


wise articular manifestations comparable 
to Charcot’s joints have not been seen. 
In these points, bejel seems to differ from 
syphilis, and the difference may prove 
to be important in differentiation. 

Joint involvement other than the neuro- 
pathic type, while not common, is en- 
countered. These lesions closely resemble 
those of the syphilitic infections. The 
site of involvement may be the joint sur- 
face itself, the epiphysis, or even the 
metaphysis; diffuse bone involvement is 
often co-existent. Destruction of one ar- 
ticular surface with irregular erosions in 
the underlying epiphysis but without in- 
volvement of the contiguous joint surface 
is the type of lesion most frequently seen. 
Here, as elsewhere, there is a variable 
amount of proliferative change surround- 
ing the area of lysis (Fig. 3). F. Camp- 
bell Golding (2) has said of syphilitic joint 
involvement: ‘The presence of multiple 
irregular areas of an osteoplastic type in 
the shaft with discrete areas of subchon- 
dral erosion and the absence of general 
osteo-porosis and haziness of bone should 
serve to differentiate the disease from 
tuberculosis." This statement applies 
equally well to bejel. 

Characteristically the subjects of the 
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Fig. 6. Destruction of the maxilla. The soft 
tissue prominence is the upper lip. The nose is 
faintly outlined above it. Following diagnostic 
aspiration and collapse of the lesion this patient 
was refused passage by plague quarantine officials 
on the grounds that she was not the same patient 
that had been passing daily for treatment. 


present study all gave a history of bejel 
in infancy or at periods ranging from one 
to thirty-nine years prior to the time of 


the x-ray examination. This coincides 
with the experience of Hudson and Cros- 
ley (7), who in a series of 1,000 analyzed 
cases obtained a history of infection oc- 
curring in childhood in over 76 per cent. 
Practically without exception the blood 
serology in our group was positive. Com- 
monly accepted clinical criteria of heredo- 
syphilis were absent. 


COMMENT 


Holmes and Lingley (4), speaking of 
acquired bone syphilis have said: ‘‘The 
combination of bone destruction with ir- 
regular and usually marked bone produc- 
tion in the same lesion should always make 
one suspicious of syphilis.’’ The state- 
ment is no less true of bejel. 


rch 194 


Pendergrass, McLean, Hodges, ana 
others have each, in their descriptions oj 
syphilis of the osseous system, portrayed 
pictures which might well have been thoy 
of certain phases of bejel. There are 
however, notable exceptions. Thus, eyj. 
dence of the counterpart of osteochondritis 
as seen in early heredosyphilis is lacking 
in bejel, and the entire absence of temo. 
pathic joint manifestations may also be 
mentioned. Roentgen evidences of cardio- 
vascular involvement have not been found 

These features are of major importane 
in the attempt to correlate syphilis, bejel 
and In these respects the x-ray 
findings substantiate further certain simi 
larities and differences, already recognized 
clinically. The inherent relationship be 
tween these respective infections cannot be 
ignored. But it also becomes impera 
tive that any premature attempt to place 
bejel unreservedly under the heading of 
syphilis must be held in abeyance. The 
final classification must wait until such 
time as studies on the epidemiology, of 
modes of transmission, and of clinical 
variances, clarify the entire picture suf- 
ficiently to prove or disprove such a re- 
lationship. 


yaws. 


SUMMARY 


A brief description of the roentgen 
findings of bejel is presented. 

The osseous changes of bejel consist 
essentially of periosteal and _ endosteal 
proliferation with varying degrees of rare- 
faction resembling at times the gummata 
of late syphilis. 

The clinical differences and similarities 
between syphilis and bejel are further 
substantiated by the roentgen manifesta- 
tions. 

Attention is directed to the absence ol 
roentgen ray evidences similar to those 
seen in early heredosyphilis. 

The absence of neuropathic joint lesions 
is noted. 

It is suggested that final classification 
of the disease in its relationship to syphilis 
and yaws be reserved pending the mar 
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owing of the present hiatus in our knowl- 


edge of these disease entities. 


\ppreciation is expressed to A. Oppenheimer for 
vt . ° ° ° ° 
-. assistance and advice in the preparation of this 


manuscript. 


Hertzler Clinic, Halstead, Kansas 
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Congenital Atresia of the Esophagus' 


MURRAY FUHRMAN, M.D., DAVID DRAGUTSKY, M.D., GEORGE ROOK, M.D., and LEO GROSSMAN, MD. 
Metropolitan Hospital,? New York, N. Y. 


Pyeugese- atresia of the esophagus 
has usually been regarded as an un- 
common condition. In 1931, Rosenthal 
(10) recorded 255 cases from the litera- 
ture, including a number of hisown. Since 
then numerous additional cases have been 
published. We recently encountered two 
examples, associated with tracheo-esopha- 


Figs. 1-3. Case 1: 
The stomach is distended with gas. 
medium. 


geal fistula, within a month. During the 
previous ten years there had been 12,285 
deliveries on the maternity service of 
Metropolitan Hospital, but among these 
the records fail to show a single case of 
esophageal atresia. Nor is it likely that 
any cases were overlooked, as a very high 
percentage of autopsies on the newborn 
is obtained at this institution, particu- 
larly in cases with unusual symptoms. 

The purpose of the present communica- 
tion is to present our cases, to review 
briefly the salient clinical and _ radio- 
graphic features, and to describe a new 


1 Accepted for publication in October 1941. 
2 The Department of Radiology and the Department 
of Pediatrics. 


and simple diagnostic procedure—aero- 
esophagography—for establishing a diagno- 
sis of congenital atresia of the esophagus. 
A number of excellent reviews have ap- 
peared in the American and English litera- 
ture, notably those of Griffith and Laven- 
son (3) in 1909, Cautley (2) in 1917, 
Plass (9) in 1919, Vogt (14) in 1929. 


The upper esophageal segment is visualized terminating in a dilated, blind pouch 
The trachea and bronchi (Fig 
Some of the barium formula has apparently been aspirated 


3) are outlined by the contrast 


Rosenthal (10) in 1931, Mathieu and Gold- 


smith (8) in 1933, and Lanman (5) m 
1940. 

Vogt classifies congenital atresia of the 
esophagus into the following categories: 

Type 1: Complete absence of the esoph- 
agus (extremely rare). 

Type 2: Complete atresia with no 
tracheo-esophageal fistula (rare). 

Type 3A: The upper esophageal seg- 
ment communicates with the trachea 
(rare). 

Type 3B: The upper segment ter- 
minates blindly; the lower communicates 
with the trachea or with the bronchi near 
the level of bifurcation of the trachea (the 


commonest type). 
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Type 3C: Both esophageal segments 


communicate with the trachea or bronchi 


rare). 
Our cases are both of Type 3B (Type 3 


of Ballantyne, 1). 
CASE REPORTS 


Case 1: R. K., a white male, was born Oct. 1, 
1940, after a normal pregnancy and labor. The 
family history is irrelevant. The infant appeared 
normal at birth but shortly thereafter drooling 
and the presence of a large amount of thick, frothy 
mucus in the mouth and pharynx were observed, 
and repeated aspiration became necessary to keep 
the pharynx clear. On the following day the tem- 


Figs. 4 and 5. Case 2: 


inadvisedly—-and roentgenograms were taken (Figs. 
1 and 2). The upper esophagus appeared as a 
dilated smooth pouch. Gaseous distention of the 
stomach and small intestines was present. Shortly 
after the exposures were made, the infant gagged and 
regurgitated some of the barium mixture. A subse- 
quent film (Fig. 3) showed some of the contrast 
medium in the bronchial tree—aspiration of the 
barium formula having apparently occurred. 

A gastrostomy was performed on the same day. 
On the following day the temperature rose to 106°, 
and there was considerable respiratory embarrass- 
ment. The child became markedly cyanotic, and 
thick, gray, blood-streaked, frothy mucus was re- 
peatedly aspirated from the pharnyx. Death oc- 
curred that evening. 


The upper esophageal segment is outlined by the 


instilled iodized oil 


perature rose to 101°, the respiratory rate increased, 
and many medium and coarse rales were heard 
throughout the chest. A roentgenogram showed 
consolidation of the upper lobe of the right 
lung. Regurgitation of all feedings occurred, and 
everal attempts at gavage proved unsuccessful. It 
appeared, however, as if some of the food was re- 
tamed when a Breck feeder was used. The pneu- 
monia was considered the sole cause of coughing, 
respiratory difficulty, and vomiting. Clyses and 
whole blood transfusions helped to maintain fair 
hydration, adding to this impression. The persist- 
ence of symptoms, however, led to the considera 
ton of esophageal atresia as the underlying condi- 
ton, and a roentgen investigation was requested. 
On Oct. 5 a soft rubber catheter was introduced 
into the esophagus, and under fluoroscopic guid- 
ance was passed down toward the stomach. An 
obstruction was met with at the level of the third 
dorsal vertebra. Efforts to pass the catheter be 
yond this point caused the tip to coil up. 

A thin barium preparation was then given 


At autopsy the upper third of the esophagus was 
found to terminate in a blind pouch at the level 
of the third thoracic vertebra. The lower segment 
of the esophagus commenced immediately below, 
was somewhat narrowed above, but regained its 
normal caliber as it descended toward the stomach. 
A narrow fistulous communication existed be- 
tween the proximal end of the lower segment and 
the trachea, 1 cm. above its bifurcation. Patchy 
areas of consolidation were present in both lungs. 

Anatomical Diagnosis: Atresia of the esophagus 
with tracheo-esophageal fistula; confluent bilateral 
bronchopneumonia. 

Case 2. R. P., white female, was born on Oct. 
27,1940. Forceps delivery was necessary, following 
a long arduous labor, and resuscitation was difficult. 
Marked cyanosis was present, much thick mucus 
being aspirated from the pharynx. The family 
history wasirrelevant. Physical examination shortly 
after birth was negative, apart from some coarse 
moist riles throughout both lung fields. 

On the following morning (Oct. 28) the cyanosis 
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persisted, and inspiratory stridor with suprasternal 
retraction was noted. At this time the possibility of 
cerebral hemorrhage or laryngeal obstruction was 
considered. During the day the infant regurgitated 
every feeding after about one-half ounce had been 
taken, and there was an increase of the coughing, 
dyspnea, and cyanosis at these times. These find- 
ings suggested the presence of an esophageal atresia, 
and the infant was referred for roentgen studies. 

A catheter was introduced into the esophagus, but 
could not be passed beyond the level of the bifurca 
tion of the trachea. A few cubic centimeters of 
iodized oil were then passed through the catheter 
into the esophagus. The oil collected in a blind 
cul-de-sac. Roentgenograms were then taken (Figs. 
4 and 5), confirming the fluoroscopic findings. 
Distention of the stomach and intestinal tract with 
gas was noted. Following the roentgen examina- 
tion, the oil was removed from the esophageal pouch 
by suction. 

Gastrostomy was performed on Oct. 27. The 
child did well for a fortnight, receiving breast milk 
via the gastrostomy tube and supportive therapy. 
The tube became loose on Nov. 9 and again on Nov. 
15 and had to be replaced. Death occurred on 
Nov. 16. 

At autopsy the upper portion of the esophagus 
was found to end blindly in a dilated sac about 5 
cm. below the pharynx. The lower segment of the 
esophagus was separated from the upper sac by a 
small amount of connective tissue. A _ fistulous 
channel connected the lower segment with the tra- 
chea, immediately above the bifurcation. The 
lungs were essentially negative. The abdomen 
showed signs of peritonitis. An infected fistulous 
tract ran from the gastrostomy wound to the 
stomach. A separate communication with the 
peritoneal cavity could not be demonstrated. 

Anatomical Diagnosis: Atresia of the esophagus 
with tracheo-esophageal fistula; generalized peri 
tonitis. 


Though a successful surgical interven- 
tion for congenital atresia of the esoph- 
agus has not as yet been reported, we 
feel that the future should bring accounts 


of such cases. It behooves the pediatri- 
cian to be on the lookout for suggestive 
clinical symptomatology, and to refer the 
infant for prompt roentgen investigation 
when the suspicion of esophageal atresia 
exists. Constant drooling, the reappear- 
ance of frothy mucus in the mouth and 
pharynx following frequent pharyngeal 
aspiration, repeated regurgitation after 
feeding, followed by coughing, cyanosis, 
and dyspnea, are so characteristic of con- 
genital atresia of the esophagus that if the 
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condition is kept in mind, a strong pre- 
sumptive diagnosis can readily be made at 
an early hour. Sometimes, however, the 
clinical picture may be confusing, and the 
preponderance of pulmonary symptoma. 
tology may cause one to overlook the under. 
lying pathology, as in the first of our 
two cascs. Roentgen studies will establish 
the diagnosis. 

The roentgenologist should use no pro- 
cedure in his investigations which will 
lessen the chances of survival of the in- 
fant or interfere with subsequent surgical 
intervention. The use of a formula con- 
taining barium as a contrast medium for 
the demonstration of esophageal atresia is 
definitely contraindicated. The  aspira- 
tion of an appreciable amount of this mix- 
ture will usually lead to a fatal broncho- 
pneumonia. If a liquid contrast medium 
is employed, it should be a bland iodized 
oil or aqueous solution. Though the as- 
piration of such an oil is regarded as rel- 
atively harmless, we feel that it is not 
completely so, particularly in this condi- 
tion, where aspiration pneumonia may have 
already taken place. If oil is used, it 
should be removed from the esophagus by 
suction immediately after the roentgen 
studies have been completed. 

The diagnosis of congenital atresia of 
the esophagus can, however, be estab- 
lished without the use of liquid contrast 
media. Tucker and Pendergrass (13) used 
a 3.5 mm. esophagoscope and a 3.5 mm. 
bronchoscope for direct visualization of the 
esophageal pouch and the tracheo-esopha- 
geal fistula, respectively. They passed a 
small opaque ureteral catheter through the 
bronchoscope, into the fistulous opening 
and on into the lower esophageal segment, 
demonstrating its passage into the stom- 
ach fluoroscopically. Solis-Cohen and Le- 
vine (11) described a “‘pencil-like”’ airway 
leading from the bifurcation of the trachea 
to the stomach; this they believed repre- 
sented the lower segment of the esophagus 
filled with air. They point out that air can- 
not be demonstrated in the upper esoph- 
agus, which is filled with retained secre- 
tions. These diagnostic criteria, however 





March 1942 


1g pre- 
lade at 
er, the 
nd the 
Dtoma- 
under- 
of our 
tablish 


0 pro- 
h will 
he in- 
irgical 
a con- 
im for 
esia is 
iSpira- 
S mix- 
oncho- 
edium 
rized 
he as- 
is rel- 
is not 
condi- 
r have 
ed, it 
us by 
ntgen 


ia of 
stab- 
itrast 
) used 

mm. 
of the 
opha- 
sed a 
h the 
ening 
nent, 
stom- 
d Le- 
rway 
ichea 
epre- 
agus 
‘can- 
oph- 
ecre- 
ever, 


CONGENITAL ATRESIA OF THE ESOPHAGUS 329 


Vol. 38 


we have found unreliable. Normal bron- 
chovascular markings in the lower lung 
felds in the lateral position may form a 
configuration which closely simulates a 
“pencil-like"’ airway. Furthermore, the 


lower esophagus may be clearly demon- 
strated in a normal infant (in the absence 
of a tracheo-esophageal fistula) as the 
result of regurgitation of gas from the 


stomach. The absence of air in the upper 
esophagus is also an untrustworthy sign. 
Its presence frequently cannot be dem- 
onstrated in normal infants. We also 
se no reason why air cannot be occa- 
sionally demonstrated in the esophageal 
pouch of a case of congenital atresia follow- 
ing regurgitation of the contents of the sac. 

We would suggest the following simple, 
harmless procedure as a means of estab- 
lishing the diagnosis of congenital atresia 
of the esophagus without the use of a 
liquid contrast medium. A soft rubber 
catheter is introduced through a naris 
into the esophagus, and under fluoroscopic 
visualization is passed downward toward 
the stomach. It will not pass beyond the 
point of atresia. With the patient in the 
Trendelenburg position, a small bulb 
syringe is attached to the proximal end of 
the catheter, and a few cubic centimeters 
of air are injected. The air will clearly 
outline the esophageal pouch. The pres- 
ence of gas in the gastro-intestinal tract 
indicates the presence of a fistulous com- 
munication between the lower segment of 
the esophagus and the respiratory pas- 
sages (trachea or bronchus). Films in the 
Trendelenburg position may then be taken 
to illustrate the fluoroscopic findings. 
This method of aeroesophagography ren- 
ders the use of a liquid contrast medium 
unnecessary. 


SUMMARY 


l. Two cases of congenital atresia of 

the esophagus with tracheo-esophageal 
are presented. 

2. The characteristic clinical features 


and the importance of an early diagnosis 
are considered. 

3. The use of liquid contrast media for 
visualization of the esophagus and pos- 
sible harmful sequelae are discussed. 

4. A new, simple, harmless _proce- 
dure —aeroesophagography —is proposed, 
whereby the upper esophageal segment 
may be demonstrated by the injection of 
air through a soft rubber catheter intro- 
duced into the esophagus. 


We extend our thanks to Dr. Reuel A. Benson, 
Director of the Department of Pediatrics, and Dr. 
Tobias B. Weinberg, Director of the Department of 
Radiology, for their co-operation and helpful sug- 
gestions. 


Metropolitan Hospital, Welfare Island, N. Y. 


BIBLIOGRAPHY 


1. BALLANTYNE, J. W.: Manual of Antenatal 
Pathology and Hygiene: The Embryo. Edinburgh, 
Wm. Green & Sons, 1904, p. 462. 

2. Cautiey, E.: Malformation of the (so- 
phagus. Brit. J. Child. Dis. 14: 1-10, 1917. 

3. GrirritH, J. P. C., AND LAvVENSON, R. L.: 
Congenital Malformation of the Esophagus, with 
Report of a Case. Arch. Pediat. 26: 161-169, 1909. 

4. Heatry, C. A.: Some Problems in Esophageal 
Atresia. Ann. Otol., Rhin. & Laryng. 45: 1122-1132, 
1936. 

5. LanMAN, T.H.: Congenital Atresia of Esoph- 
agus; Study of 32 Cases. Arch. Surg. 41: 1060- 
1083, 1940. 

6. Leven, N. L.: Surgical Management of Con- 
genital Atresia of Esophagus with Tracheo-esophageal 
Fistula: Report of 2 Cases. J. Thoracic Surg. 6: 
30-39, 1936. 

7. Mances, W.F., aNnp CLerF, L.H.: Congenital 
Anomalies of the Alimentary Tract, with Special Refer- 
ence to Congenitally Short Esophagus. Am. J. Roent- 
genol. 33: 657-669, 1935. 

8. Marurevu, A., AND Go._psmiTH, H. E.: Con- 
genital Atresia of the Esophagus with Tracheoeso- 
phageal Fistula. Am. J. Surg. 22: 233-238, 1933. 

9. Prass, E. D.: Congenital Atresia of Esoph- 
agus with Tracheo-esophageal Fistula; Associated 
with Fused Kidney. Case Report and Survey of the 
Literature on Congenital Anomalies of the Esophagus. 
Johns Hopkins Hosp. Rept. 18: 259-286, 1919 

10. RosentHat, A. H.: Congenital Atresia of 
Esophagus with Tracheo-esophageal Fistula: Report 
of 8 Cases. Arch. Path. 12: 756-772, 1931 

ll. Sorrs-Conen, L., AND Levine, S.: Congenital 
Atresia of the Esophagus with Tracheobronchial 
Fistula. Am. J. Dis. Child. 51: 1119-1125, 1936 

12. Srronc, R. A., anp Cummins, H.: Congenital 
Atresia of Esophagus with Tracheo-esophageal Fis- 
tula. Am. J. Dis. Child. 47: 1299-1309, 1934. 

13. Tucker, G., AND PENDERGRASS, E. P.: Con- 
genital Atresia of the Esophagus: New Diagnostic 
Technic. J. A. M. A. 101: 1726-1727, 1933. 

14. Vocr, E. C.: Congenital Esophageal Atresia 
Am. J. Roentgenol. 22: 463-465, 1929 





Naegele Pelvis: 


Study of a Case in Labor’ 


RICHARD TORPIN, M.D. 
Augusta, Georgia 


NASMUCH AS THE origin of Naegele’s 
I pelvic deformity is still in question, and 
because of its rarity, presentation of a case 
seems justified. 

In 1929, Williams (1) described a patient 
who died from rupture of the uterus fol- 
lowing version and extraction delivery of 
her seventh child, which was probably 500 
grams larger than any of the others, all of 
which, being small, had been born spontan- 
eously. In regard to the etiology he wrote: 


Fig. 1. Centimeter grid roentgenogram of the 
pelvic inlet, showing the molded compressed fetal 
head somewhat below engagement. 


“The description of the morphology, in 
Naegele’s original manner, of the obliquely 
ovate pelvis was so masterly that nothing 
has since added to it. As is well known, 
Naegele attributed the deformity to a 
congenital defect involving one ala of the 
sacrum with resulting imperfect develop- 
ment of the sacral portion of the sacro- 
iliac joint. Furthermore, when the in- 
dividual began to move about, the body 
weight would in great part be transferred 
to the femur on the affected side, with the 


1 From the Department of Obstetrics and Gyne- 
cology, University of Georgia School of Medicine. 


result that unusual pressure would be ex. 
erted upon the abnormal joint, and that 
the irritation induced thereby would even- 
tually lead to ankylosis. His original 
publication was followed by a consider- 
able literature, and all of the earlier con- 
tributions were confirmatory of his point 
of view. Indeed, it was not until 186] 
that any scepticism developed, when 
Thomas of Leyden pointed out that in at 
least a certain proportion of obliquely 


[2 


Fig.2. Pelvigram (on centimeter scale) of pelvic 
inlet and overlapping bones of fetal head, as labeled. 
All measurements exact. 


ovate pelves the essential feature lay 
in the destruction and subsequent fusion 
of an originally normal sacrum as the 


result of inflammatory disease, rather 
than in a primary defect in development. 

“Since then the discussion has com- 
tinued, and reached its culmination m 
1900, when Breus and Kolisko in their 
monumental work on deformed pelves 
stated that the condition is always the 
result of inflammatory disease, whose 
existence can generally be elicited from the 
history of the patient, and particularly 
from the presence upon the external sur- 
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Fig. 3. Photograph of lumbar region showing 
slight deformity. Note that the malformed half 
of the sacrum is on the reader’s left in this illus- 
tration but on the right in all of the others 


face of her body of cicatrices which in- 
dubitably indicate that such disease had 
existed.” 


CASE REPORT 


M. G., a Negro primipara, aged 18, of slender 
constitutional type, was sent into the hospital from 
the outpatient delivery service, deep in the second 
stage of labor. As is routine in such cases, a roent- 
genogram was made of the pelvic inlet by a modified 
Thoms grid method (2), with the result appearing 
in Figure 1 and in the pelvigram shown in Figure 2. 
Adiagnosis of Naegele pelvis was made as the cause 
of dystocia, and the position of the fetal head was 
lelieved to be left occipitoposterior, one of the 
markedly distorted parietal bones being mistaken 
for the occipital bone. The head was in mid pelvis; 
the first stage of labor had been thirty-two hours and 
the second stage five hours and fifty-five minutes. 

When examination preparatory to application of 
forceps was made, it was seen that the presentation 
was left occipito-anterior, with flattening of the 
skull in the anteroposterior direction. Kjelland 
forceps were applied to the parietal bones, and the 
fetal head was delivered on the third 40-second pull. 
The infant weighed 5 pounds and 8 ounces and cried 
spontaneously. The measurements of the head in 
the distorted molded condition were: biparietal 
425 em.; suboccipital bregmatic 8 cm.; fronto- 
ocipital 12.5 cm. The biparietal diameter in the 
teentgenogram was 8.5 cm. and the suboccipital 
bregmatic, 7 cm., showing evident compression of 
the head, inasmuch as it was fully engaged in the 
pelvis. The maternal pelvic measurements were: 
superior spines 20.5 cm.; iliac crests 25 cm.; inter- 


trochanteric 27 cm.; external conjugate (Baud- 
locque) 21 cm.; outlet 9cm. The left iliac crest was 
1.5 cm. higher than the right. 

Inspection of Michaelis’ rhomboid (Fig. 3) 
showed the dimple on the left side to be deeper and 
nearer the mid-line than on the right side. The 
patient gave no history of injury or disease of the 


Fig. 4. One of several postpartum roentgeno- 
grams of the defective sacrum, none of which shows 
evidence of old infection. 


pelvis and had no recollection of limping or of any 
difficulty in walking. She started to walk at nine 
months of age and stated that she never became tired 
of walking or dancing, and that no one had ever 
suspected any pelvic trouble. No scars and no 
other deformities were noted. 


COMMENT 


A careful study of each of several 
roentgenograms (Fig. 4)” revealed no evi- 
dence of any injury or inflammatory re- 
action in the clear-cut views of the sacral 
bone, of which the left ala apparently 
was entirely absent, with resulting inward 
displacement and deiormity of the left in- 
nominate bone. The perfect regularity 
of the bony fibers implies that the defect 
was congenital rather than secondary to 
an inflammatory process. 

This case, then, not only in a study of 
the defect itself but also in the history, 
strongly supports Naegele’s contention 
that the deformity is a congenital em- 
bryonic defect rather than secondary to 


2 The original film is much clearer than the reproduc- 
tion. 
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osteitis, as Thomas, Breus, and Koliska and 
others contend. A congenital etiology is 
likewise supported by Williams’ case, 
not only from a study of x-rays in life, 
but from a study of the pelvis after the 
death of the patient. The same etiology is 
suggested by Thoms’ (3) patient who had, 
on the same side of the body, a defect of 
the kidney with double ureter and double 
kidney pelvis. She presented no evi- 
dence of early disease to account for the 
deformity of the pelvic bones. Rein- 
berger’s (4) case also supports the con- 
genital defect theory in that there was no 
history of any early illness, and other con- 
genital defects were present—bilateral club 
feet, double vagina, double cervix, and 
septate uterus. Taddei’s (5) case pre- 


sented no evidence of early childhood 
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infection and apparently none of other 
external or internal malformations of the 
genital tract. 


School of Medicine, 
University of Georgia, 
Augusta, Ga. 
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Effect of Roentgen Rays on the Peripheral Nerve of the Rat’ 


ARNOLD H. JANZEN, M.D., and SHIELDS WARREN, M.D. 
Boston, Mass. 


HE EFFECT OF roentgen rays on the 
p ohana nerves has practical implica- 
tions because of the increasing use of large 
therapeutic doses to which they are in- 
cidentally exposed. This study aims at 
determining what, if any, histologic and 
physiological alterations result from ex- 
posure of nerves to x-ray and radium. 

Observations on human nerves have 
been contradictory and incomplete and 
therefore cannot easily be evaluated. Some 
workers have been unable to demonstrate 
any changes (1, 2), and the degeneration 
described by others (3) is of uncertain 
significance, since the conditions were not 
specified. 

The experimental data are somewhat 
more detailed. A mild degeneration of 
the neurones of the sympathetic ganglia 
of the rabbit has been produced by direct 
exposure to roentgen rays (4). Doses of 
1,000 to 4,000 r hindered myelination and 
finally completely destroyed axones and 
neurones of the newborn rat (5). Ras- 
canu (6), using the ultramicroscope, de- 
scribed a reversible change in the myelin 
ocurring at the Lantermann incisures 
of the frog nerve irradiated with roentgen 
rays. 

Several observations have been made 
on the effect of radiant energy on the ex- 
citability of the nerve of the frog. Laza- 
tus-Barlow ,/) described an increased ex- 
citability of the irradiated frog nerve 
during the thirty- to fifty-hour life of the 
preparation. Redfield (8) found with 
small doses of beta and gamma rays an 
initial increased excitability of the frog 
terve, which was followed by a rapid rise 
m threshold. The initial decrement of 
threshold was absent when larger doses 
were used. Similar findings were de- 
sxribed by Rascanu (6). Audiat (9) ir- 
‘From the Laboratory of Pathology, Collis P. 
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radiated the isolated frog nerve in a 
moist chamber with 300,000 r of 1 A. 
wavelength, and described loss of ex- 
citability developing in a few minutes to 
half an hour. This change spread 1 cm. 
above and below the irradiated segment 
and was reversible if the nerve was placed 
in physiological saline solution. 

Since we did not find any reports of 
similar work on the nerves of the mammal, 
it seemed that such experiments followed 
by histologic observations might add im- 
portant information provided the time 
limitations which obtain with the use of 
an isolated nerve muscle preparation 
could be avoided. For this purpose we 
used the intact right sciatic nerve of the 
rat. The procedure was kept as constant 
as possible. 

METHOD 


Stock white rats weighing 170 to 210 
grams each and maintained on a vitamin- 
rich diet were used. Under nembutal 
anesthesia both sciatic nerves were iso- 
lated in situ and kept moist with Tyrode’s 
solution, care being taken to prevent the 
least trauma. A lead shield 10 X 10 X 
0.2 cm. with an opening just large enough 
for exposure of the right nerve was placed 
over the animal, and the adjacent tissues 
were protected by a lead shield (0.1 cm. 
thick for 4,000 r and 0.2 cm. thick for 
6,000-10,000 r) placed under the nerve. 
The factors of radiation were as follows: 
200 kv., 8 ma., no extrinsic filtration, 
cone 5 cm. diameter, target-nerve distance 
15.5 cm. The skin was closed and the 
animals were killed at intervals: 24, 48, 
96, 144, 168 hours; 2, 3, 4, 5, 6, 7, and 8 
weeks. 

An hour before killing the rat, the 
nerves were tested for excitability, using 
break shocks from the secondary coil of an 
inductorium. The measured current in 
the primary coil was varied with a resist- 
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< 450. 


Stain for degenerating myelin. 


Same as Fig. 2. 


Fig. 4. 


< 450. 


Stain for degenerating myelin. 


Same as Fig. 1. 


Fig. 3. 
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_ The secondary coil was placed at 
19 cm. and tilted away from the perpen- 
dicular, the tilt being measured on a scale. 
The electrode used had two poles, 1 cm. 
apart, protected by rubber so that the 
whole could be incorporated under the 
skin of the thigh. The Achilles tendon 
and lower portion of the gastrocnemius 
were freed, and the leg immobilized at knee 
and ankle. The free end of the tendon 
was attached to a myograph and a record 
of the contractions was made on a re- 
volving drum. Thus each nerve was 
studied, and since it was found that in any 
one animal the nerve tested second usually 
was the more excitable, the right or left 
nerves of alternate animals were stimu- 
lated first. In the early experiments the 
cathode was placed descending, but in the 
later groups of animals both cathode de- 
sending and cathode ascending stimuli 
were used; the former presumably measur- 
ing excitability of the irradiated segment 
and the latter measuring conductivity 
through it. 

The animal was then killed and the 
siatic and tibial nerve on each side was 
tied im situ, without stretching, onto a 
cardboard support where it remained until 
sectioned. The portion of vertebral col- 
umn and cord supplying the nerve was 
removed in toto. The irradiated portion of 
nerve was fixed by the method of Daven- 
port (10 6) and sections were stained by 
silver impregnation (10a), hematoxylin 
and eosin, and Masson’s phosphotungstic 
acid-hematoxylin. The tibial nerve was 
fixed in 10 per cent formalin and stained 
by the chlorate-osmic acid (11) method. 
Two segments of cord were taken: the 
caudal portion (L-1 and 2) was fixed and 
stained by Davenport’s (10a) method, 
xetions being taken through the spinal 
ganglia; the cephalad portion (D-11 and 
12) was fixed in 10 per cent formalin and 
etions taken through ganglia and cord 
were stained with cresy] violet. 


RESULTS 


_ None of the rats limped or showed any 
mability to use the hind legs except for 


slight reduction in activity for a few days 
following the operative procedure. 

There was little or no difference between 
the irradiated and the control nerve in ex- 
citability to cathode descending break 
shocks. In some instances the irradiated 
nerve was five to ten times more sensitive 
than the control, but in almost as many 
other rats the control was more excitable 
than the treated nerve. The variations 
seemed to depend on which side was 
stimulated first, and on the cleanness of the 
nerve sheath dissection. 

When a break shock cathode ascending 
was used, there was still no significant 
difference noted between irradiated and 
control nerves. In all but three instances 
the stimulus needed with cathode as- 
cending was less than that needed with 
cathode descending to produce both a 
minimal and a maximal muscle twitch. 
This was true of the irradiated as well as 
the control nerves. 

Histologic study likewise showed no 
differences between the control and the ir- 
radiated nerves, their ganglia, or anterior 
horn spinal cord neurones. The irradi- 
ated portion of the nerve showed intact 
axones and there was no alteration in the 
number of Schwann cells. Myelin stain 
of the distal nerve segment showed normal 
lipoid droplets. Occasional sheaths of 
both control and irradiated nerves stained 
black, but since these sheaths remained 
homogeneous, this change was interpreted 
as artefact. 

The sensory ganglia had for the most 
part intact cell outline, Nissl’s granules, 
and nucleus. In rare cells the nuclei were 
eccentric with scanty Nissl’s substance, 
but this was found irregularly and on both 
normal and control sides so that it is im- 
possible to say that the changes were due 
to the effect of roentgen rays. Motor 
neurones in the cord were unchanged. 

Four additional groups of animals were 
irradiated as controls for different factors 
which it was felt might alter the reaction. 
In one group of 3 animals the conditions 
of the experiment were the same except 
that the lead shield beneath the nerve was 
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eliminated and the nerve was exposed 
without being isolated. This allowed any 
possible influences from the irradiated ad- 
jacent tissue to take effect and at the same 
time was a control for the scatter from the 
surface of the shield. The nerves of 
these rats showed no changes of any sort. 

A second group of 3 rats was given 10,000 
r to a 1 cm. area of the right leg along the 
course of the sciatic nerve. The animals 
were killed at 1, 7, 18 days. The last one 
showed ulceration of the skin. None of 
them limped and none showed physiologi- 
cal or histological nerve changes, nor were 
the neurones abnormal. 


TABLE I: BreEAK SHOCK CATHODE DESCENDING 
STIMULI NEEDED TO PRODUCE MAXIMAL AND MINIMAL 
MuscLe CONTRACTIONS IN Rats TREATED WITH 


10,000 R X-Ray 


Time. after Maximum Minimum 


Irradiation Irradiated Control 


24 hours 
48 hours 
96 hours 
144 hours 
168 hours 
2 weeks 

3 weeks 
4 weeks 
5 weeks 
6 weeks 
7 weeks 
8 weeks 


Irradiated Control 





696 ma. 798 ma. 
660 660 
695 158 
1,030 1,054 
990 614 745 
1,090 290 850 
880 154 360 
1,650 350 1,096 
850 380 614 
900 614 500 
1,140 100 900 
1,250 196 1,000 


1,060 ma. 
1,056 

584 
1,360 


1,032 ma. 
850 

1,000 

1,245 
990 
850 
460 
800 
850 
920 
298 
620 





In another group of normal animals the 
previously untouched sciatic nerve was 
tested for excitability and sections were 
taken of the nerves and cords. These 
served as controls for the normal left sci- 
atic nerves of the irradiated animals, 
and they all proved to be similar. 

A last group of three rats* had 8.5 to 13 
millicuries of radon gold seeds planted in 
the left psoas muscle approximately 1 cm. 
lateral to the fourth lumbar vertebra 
and about 0.4 to 0.5 cm. from the sciatic 
nerve roots and trunk. They received 
from 1,200 to 1,600 millicurie hours of 
gamma radiation. For purposes of rough 
comparison, by the method of White and 
Failla (12) we calculated this to repre- 


2 Available for study through the kindness of Dr. 
Nathan Friedman, Littauer Fellow in Pathology. 
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sent approximately 75,000 to 100,000 r as 
measured by ionization in air. On the jr. 
radiated side the nerve trunks and distal] 
nerve segments were pale and flabby and 
the thigh muscles wasted. Stimulation of 
the left sciatic with the secondary coil of 
the inductorium completely over the pri- 
mary coil failed to elicit a response, though 
the right leg responded normally. Osmic 
acid stain showed fragmentation of the 
myelin and large fat droplets. In a silver 
impregnation, only a few axis cylinders 
were seen to be intact, and the connective- 
tissue stain showed a marked disorienta- 
tion of the neurokeratin network, in- 
crease of Schwann cells, and infiltration of 
lymphocytes. The neurones of the right 
dorsal root ganglia appeared fairly normal, 
but on the left side occasional cells with 
scanty Nissl’s substance, eccentric nu- 
cleus, and chromatolysis were seen. The 
anterior horn motor neurones did not ap- 
pear normal in all instances but the varia- 
tions on both right and left sides were so 
inconstant as to preclude definite con- 
clusions. This might possibly be ace- 
counted for by the supposition that the 
motor neurones had sufficient time to re- 
cover from the changes produced by distal 
nerve injury. 

The size of field irradiated is known to be 
important in determining the degree of 
change produced by a measured amount 
of roentgen radiation on any square centi- 
meter of tissue exposed. The criticism 
may rightly be made that a piece of tissue 
1 X 0.2 X 0.2 em., such as the sciatic 
nerve, will not absorb enough radiant 
energy to be damaged. To meet this 
criticism, we irradiated the 3 rats with the 
nerve unexposed and the adjacent tissue 
not shielded, to see if the presence of sur- 
rounding irradiated tissues would produce 
greater changes in the nerve. Even after 
eighteen days, although the skin had been 
ulcerated for a week, no changes were 
noted in the nerve. This is probably due 
to two factors: the resistance of the 
nerve tissue and its independent blood 
supply. 
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CONCLUSION 

Exposure of the peripheral nerves of the 
rat to roentgen rays in doses of 4,000, 6,000 
and 10,000 r generated at 200 kv. produced 
no demonstrable histological or physio- 
logical changes. 

Complete degeneration of nerve and 
some evidence of degeneration of the sen- 
sory neurones resulted from exposure to 
1,200-1,600 millicurie hours of gamma 


radiation. 
Nerve tissue is extremely resistant to 


radiation. 


Huntington Memorial Hospital 
Boston, Mass 
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An Electric Model of an X-Ray Machine’ 


MARVIN M. D. 


WILLIAMS, Pu.D. 
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Mayo Foundation, 


i IS WELL known that the quantity 
and quality of radiation emitted by 
an x-ray tube vary with the wave forms of 
both the voltage applied to the tube and 
the current flowing through the tube. 
The voltage wave form depends primarily 
on the type of rectifying circuit used and 
to a lesser degree on the characteristics 
of other parts of the x-ray machine, such 
as the transformer, the primary circuit, 
and the x-ray tube. The current wave 
form depends, of course, on the voltage 
wave form, but is equally dependent on the 
characteristics of the x-ray tube unless 
the rectifying circuit supplies constant 
potential. Hence measurements of peak 
volts applied to the x-ray tube and of the 
average current flowing through the tube, 
which are the common factors measured, 
give no idea of the quantity and quality of 
the radiation which will be emitted from 
the tube. 

It would seem, therefore, to be of some 
value to radiologists to know the general 
type of wave forms produced by the more 
commonly used rectifying circuits and the 
changes in the wave forms produced by 
alterations which may be made on x-ray 
machines, as well as the effect of various 
wave forms on the quantity and quality of 
the emitted radiation. This, of course, re- 
quires some knowledge of the action and 
function of the various parts of a machine 
and how they are connected together. 
This knowledge can be obtained from books 
and lectures, but many people learn and 
remember better from doing than by 
reading or hearing alone, as is evidenced by 
our supplementing lecture courses with 
laboratory work. 

The training of radiologists in the physi- 
cal principles involved in their specialty 

! Shown in the Scientific Exhibits at the Twenty- 


sixth Annual Meeting of the Radiological Society of 
North America, Cleveland, Ohio, Dec. 2-6, 1940 


Rochester, Minnesota 


should include some laboratory work as 
well as lectures and reading. As part of 
the laboratory work it would be desirable 
to have them study the construction of 
different kinds of x-ray equipment and 
determine the effect of various types of 
rectification on the quantity and quality of 
x-rays produced. In most institutions this 
is not a practical procedure, because dif- 
ferent types of equipment are not avail- 
able and the compactness of most equip- 
ment makes it difficult, if not impossible, 
for one unfamiliar with such circuits to 
learn much about the construction of an 
x-ray machine and the relationships and 
functions of the various parts. The effect 
of various rectifying circuits on the radia- 
tion produced by an x-ray tube can be 
studied only by using x-ray equipment 
having the different circuits, but a knowl- 
edge of the voltage and current wave forms 
supplied by various types of circuits makes 
it easier to understand why the radiation 
output varies. 

In order to aid students in understanding 
the construction and operation of x-ray 
machines, several methods have been used. 
Wiring diagrams have been drawn in 
varying degrees of simplicity. Parts of 
machines have been obtained, shown, and 
occasionally operated in circuits of varying 
degrees of completeness. Models have 
been built with colored strings to indicate 
the various circuits. It was from seeing 
some of these string models that I ob- 
tained the idea of building a model from 
radio parts, which would function elec- 
trically much like an x-ray machine except 
that the voltages generated would be low, 
and which could be altered easily to 
demonstrate many of the commonly used 
rectifying circuits. The use of an oscillo- 
graph with the model would show the wave 
forms of the voltage and current in any 
part of the secondary circuit. 
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ELECTRIC MODEL OF AN X-RAY MACHINE 


Fig. 1 Electric model of an x-ray machine 


At the time that this model was built, 
I was unaware that anything similar had 
ever been constructed. Later it was 
learned that a few other people had built 
sets with more or less the same ideas in 
mind. Hence, although this set was built 
without knowledge of the others, no 
priority is claimed. In view of the many 
requests, however, which have been re- 
ceived for diagrams, pictures, and informa- 
tion concerning the set, there would ap- 
pear to be sufficient interest to warrant a 
description of the model, and it is to be 
hoped that others will improve on it. 
The set is not meant to represent any 
particular x-ray machine or to include all 
the controls and accessories that may be 
found on x-ray equipment. The purpose 
isto show the essential and most commonly 
used parts of a machine, to keep the entire 
set relatively uncomplicated, to allow 
study of the function and action of as many 
parts as possible, and to have the second- 


ary or high-tension circuit as flexible as 
possible. 

Figure 1 is a picture of the set and Figure 
2 shows the basic wiring diagram. The 
board on which the set is mounted is 5 feet 
(152 cm.) long by 2 1/2 feet (76 cm.) wide. 
The relative positions of most of the 
equipment are the same in the two figures, 
except that the positions of meters A; and 
V; are interchanged, and meters A, and 
V, and switch S, are to one side of the 
board. The fuses (F's), connections to 
the autotransformer, and all the resist- 
ances (r’s and R’s) except the rheostat 7; are 
mounted on the front of the vertical panel. 
The autotransformer is mounted just be- 
hind this panel. The rheostat and volt- 
age control, switches S, and S;, the pilot 
light (PL), and filament control (7;) are 
mounted on the sloping panel above the 
vertical panel. The oscillograph and the 
control box for it are mounted on shelves, 
and a switch below the upper shelf changes 
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Fig. 2. Diagram of permanent wiring showing 
the complete wiring diagram of the primary, 
control, and x-ray tube and valve tube filament 
circuits. Connections between the secondary of 
the transformer and the x-ray tube for the various 
rectifying circuits are shown in Figures 3 to 6 


the connections so that either voltage or 
current wave forms can be shown on the 
oscillograph. The use of wires of different 
colors enables each circuit to be traced 
easily. The wiring shown in Figure 2 is 
all permanent and includes the primary 
circuit for the main transformer, the con- 
trol circuit, the x-ray tube filament circuit, 
and the circuits for the filaments of the 
four valve tubes. 

In order to show current and potential 
relations, many more meters were used 
than are commonly found on x-ray ma- 
chines; those which are commonly found 
were mounted on dark-colored supports. 
The alternating and direct current volt- 
meters, V; and V,, can be connected 
across the x-ray tube when a rectified 
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potential is applied to the tube, and with 
the oscillograph can show the difference 
between effective, average, and peak volts, 
These two meters are omitted in the draw. 
ings of the rectifying circuits of Figures 
3 to6. Milliammeter A; is connected toa 
grounded point in the secondary circuit, 
In some circuits the current through this 
meter is unidirectional and in other cir. 
cuits it is alternating. In order to use 
only one meter, instead of an A.c. and a 
p.c. meter, a full-wave copper oxide rec- 
tifier (COR) is used for this meter. 

Probably many types of radio tubes 
could be used for the rectifiers and x- 
ray tube. Type 80 tubes have proved 
satisfactory both for rectifiers and for the 
x-ray tube. The two plates of these tubes 
are connected together. 

Many of the voltages generated are too 
high to be applied directly to the deflec- 
tion plates of the oscillograph; hence a 
voltage divider is used. This divider con- 
sists of two 200,000-ohm resistances in 
series with a 100,000-ohm resistance, the 


mid-point of which is grounded. The 
plates of the oscillograph are connected 


across the 100,000-ohm resistance; hence 
the deflection on the oscillograph is due to 
one-fifth of the total voltage. The 100,- 
000-ohm resistance is contained inside the 
control box (1), and the two 200,000-ohm 
resistances are connected to the ends of 
two cables with clips on the other ends of 
the resistances for connecting to the desired 
points in the circuit. These clips can be 
attached to any two points of the circuit 
between which it is desired to observe the 
potential wave form on the oscillograph. 
To observe the wave form of the current 
in any part of the circuit, it is necessary 
to connect the oscillograph across a non- 
inductive resistance, and thus one really 
observes the wave form of the voltage drop 
across this resistance. In order to have 
the voltage drop across this resistance 
large enough to produce observable de- 
flections when applied directly to the 
plates of the oscillograph, it would be 
necessary to use a resistance of the order of 
50,000 to 100,000 ohms, since the currents 
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are generally only a few milliamperes. 
Such a large resistance would alter the 
characteristics of the circuit seriously. 
Hence a small resistance, approximately 
95 ohms, is used, and the potential drop 
qcross this resistance is applied to the 
amplifying system of the oscillograph. 
The interpretation of what is observed may 
be rather difficult at times, since the am- 
plifier responds only to variations in po- 
tential (constant currents do not produce 
any deflection). This small resistance 
generally is connected between the points 
J, and J, (Fig. 2) for showing the x-ray 
tube current, although it may be con- 
nected into any part of the high-tension 
circuit. 

The primary circuit for the main trans- 
former includes one voltage control for 
varying the autotransformer connections, 
a relay switch, the primary of the main 
transformer, a rheostat control, a volt- 
meter (V.), and an ammeter (A;). Most 


machines have a major and a minor volt- 
age, or autotransformer, control, but one 
such control shows the principle and is 


simpler than two. The relay switch is 
generally a two-pole instead of a one-pole 
switch. The rheostat seldom is included 
in diagnostic equipment, and in modern 
therapeutic equipment it generally acti- 
vates a switch in such a manner that the 
relay will not function until all the re- 
sistance is included in the circuit. The 
ammeter seldom is found on an x-ray 
machine. An overload circuit breaker, 
which is nearly always found, was omitted 
chiefly because of the great variation in 
current that occurs owing to the different 
rectifying circuits employed; it easily 
could and probably should be included. 

The control circuit includes two switches 
§, and S;) in parallel, a pilot light (PL), 
and the coil of the relay. The two switches 
illustrate the connections for a hand switch 
and a timer, or a hand switch and a foot 
switch; a logical change in this circuit 
would be to include a second switch in 
series with one of these to illustrate, 
for example, the necessity of closing the 
‘foot switch” on the control panel before 


the real foot switch can function. Another 
switch in series with both of these switches 
could be added to illustrate the use of 
switches such as those on doors to treat- 
ment rooms, which prevent the energizing 
of the main transformer when the doors are 
open. Additional switches on the relay 
often are used to activate such devices as 
exposure counters and clocks for timing the 
life of tubes. 

The x-ray tube filament circuit includes 
a rheostat (7;), two voltmeters (V; and 
V;), two ammeters (A; and A,), the fila- 
ment transformer (77;), and the filament 
of the x-ray tube (7;). A variable choke 
coil nearly always is used instead of a rheo- 
stat, and if a small one could be purchased 
or made it would be preferable, although 
either one is suitable for controlling the 
filament temperature. Some machines, 
particularly therapeutic equipment, do not 
have any meters in this circuit, although 
nearly all diagnostic equipment includes 
one or both of the ammeters. Since this is 
a simple transformer circuit, the four 
meters were included, in order that rela- 
tions between current and voltage in the 
primary and secondary of a transformer 
circuit could be observed. 

The valve tube filament circuits are 
essentially similar to the x-ray tube fila- 
ment circuit. Each circuit contains a 
rheostat (7;, 72, 73, and 7,), a transformer 
(Tr,, Tre, Trs, and Tr,;), and the filament 
of a valve tube (7j, 72, 73, and 7;,). 
Occasionally a machine has voltmeters or 
ammeters in these circuits, but they were 
omitted because of the similarity to the 
x-ray tube filament circuit. Often a ma- 
chine using four valve tubes uses only three 
filament transformers, operating two of the 
valve filaments from one transformer; an 
attempt to do this would have limited to 
some extent the flexibility of this set, and 
therefore a separate transformer was pro- 
vided for each tube. The range of x-ray 
tube currents available here does not 
warrant changing valve filament tempera- 
tures; hence the rheostats are set so that 
there are approximately 110 volts across 
the primaries of the transformers. This 
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voltage could be obtained by connecting 
to the 110-volt tap of the autotransformer 
and omitting the rheostats; however, all 
machines using valve rectification have 
rheostats for adjusting their filament cur- 
rents. 

Not shown in the diagram is a ground 
wire attached to the indicated grounding 
connections, to the cases of all transform- 
ers, and to all other metal parts which are 
not part of the electric circuits. This 
ground wire is attached to a water pipe 
or other good ground connection. 

Connections between the secondary of 
the main transformer, the x-ray tube, 
the valve tubes, the condensers, and the 
“grounder milliammeter’ (A;, through 
the copper oxide rectifier COR), are made 
by plugging into phone tip jacks (for ex- 
ample, circles at ends of transformer 
secondary in Figure 2) short pieces of wire 
provided with phone tips on their ends 
(for example, ends of wires connected to 
condensers in Figure 2). This arrange- 
ment allows connections to be made or 


changed quickly in order to show many 


different types of rectification. Practically 
all the more commonly used types of 
rectifying circuits can be setup. Although 
it has not been done on this set, it should 
be easy to add a small synchronous motor 
so that mechanical rectification could be 
shown. Figures 3 to 6 are diagrams of 
seven circuits which can be shown easily. 
When any of these circuits is used on x- 
ray equipment, resistances or choke coils, 
which are not shown here, may be used for 
various purposes; they are not, however, 
fundamental parts of the circuits. Each of 
the six condensers used has the same ca- 
pacity; it would be of some advantage 
to have three different sizes, probably a 
smaller and a larger size than that used here. 

The actual voltages and currents, and 
their wave forms, obtained from any x-ray 
equipment, will depend to some extent on 
the electric characteristics of the trans- 
formers and other equipment in the cir- 
cuits. The various parts of the machine 
probably will be designed to operate to- 
gether and their characteristics will be so 
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chosen that they operate efficiently at the 
current and voltage values for which the 
machine is designed. Various auxiliary 
equipment may be added to increase ef. 
ficiency or to eliminate undesirable effects, 
Obviously such considerations cannot be 
included in a model set of this type. These 
problems are of primary interest and con- 
cern to the electrical engineer who designs 
the equipment and not to the radiologist, 
who is primarily interested in the general 
principles involved. The purpose of this 
set is to illustrate primarily those general 
principles with which the radiologist 
should be familiar. 

Observations which can be made for any 
of the rectifying circuits, and which are in 
general the same for all the circuits, are 
the effect of varying the voltage control 
(autotransformer setting) on the primary 
voltage (V.), the x-ray tube voltage, and 
x-ray tube current; the effect of varying 
the amount of resistance in the primary 
circuit (controlled by the rheostat) on the 
primary and x-ray tube voltages; the 
effect of varying the x-ray tube current 
on the primary current (4:2) and on the 
primary and x-ray tube voltages and the 
manner in which these effects depend on 
the amount of resistance (setting of rheo- 
stat) in the primary circuit; the difference 
between the prereading and load-reading 
of the potential ( V.) applied to the primary 
of the main transformer, and how this dif- 
ference depends on the magnitude of the 
x-ray tube current and on the amount of 
resistance in the primary circuit. 

In Figures 3 to 6 the left-hand diagrams 
are simple sketches of the high voltage 
circuit. The diagrams on the right illus- 
trate the necessary connections on the 
model set to duplicate the circuit shown 
on the left. Since the primary, control, 
and x-ray and valve filament circuits re- 
main unchanged for all these circuits, they 
are not shown in these figures. 

Figure 3a represents what is commonly 
called a self-rectified circuit. This des- 
ignation may be misleading, since it does 
not specify what is rectified. The volt- 
age applied to the x-ray tube is not recti- 
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fied but is alternating, although the cur- 
rent is rectified since the x-ray tube allows 
current to flow only in one direction, or 
during only half of the voltage cycle. 
The wiring of this circuit can be altered, 
and often is in practice, by grounding 
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Fig. 3 


either end of the transformer secondary 
instead of its mid-point. It can be ob- 
served that the useful peak voltage (half 
cycle when current is flowing through the 
tube) is less than the inverse or blocked 
peak voltage, and that this difference in- 
creases with an increase in tube current or 
with an increase in the amount of re- 


343 


sistance in the primary circuit. The ef- 
fect of using shockproof cables, which, 
from the electric standpoint, is the same as 
putting a condenser between each end of 
the tube and ground, can be shown by 
connecting in one or more condensers from 


Connections (a) for self-rectified circuits; (b) for one-valve, half-wave circuit. 


each set (as shown by the dotted lines in 
Figure 4a). This will be observed to have 
little effect on the x-ray tube voltage and 
current (A,) but will increase the primary 
current (A,) and the transformer current 
(A;) greatly. If, however, the end in- 
stead of the center of the transformer is 
grounded, and meter A; is connected be- 
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tween the end of the x-ray tube and 
ground, the addition of the condensers has 
no more effect on A, than it does on Ag, 
but still greatly increases the reading of A». 
This illustrates an error which may be 
introduced in measuring tube current on 
shockproof equipment if the milliammeter 
is connected so as to indicate the total 
current in the grounded circuit of the 
transformer. The effect that the condens- 
ers have on the current in the transformer 
can be shown on the oscillograph by using 
the small resistance for the connection 
between the transformer and ground. 
Figure 3) represents a single-valve rec- 
tifying circuit, in which the valve tube as 
well as the x-ray tube prevents a current 
from flowing in the wrong direction, and 
each tube blocks half of the inverse voltage. 
For this circuit the useful peak voltage is 
always much greater than the inverse 
peak voltage across the x-ray tube. Except 
for half of the inverse voltage being blocked 
by the valve tube, this circuit is essen- 
tially the same as that in Figure 3a. 


The effect of shockproof cables, however, 


(condensers) is quite different. Since one 
of the cables (condensers) is prevented, 
then, by the valve from discharging 
through the transformer, it discharges 
through the x-ray tube and hence increases 
the x-ray tube current, reduces its inverse 
voltage, and distorts the useful voltage 
wave. The cable on the opposite side can 
still discharge through the transformer and 
hence produces the same effects as in the 
self-rectified circuit. Cables can be pre- 
vented from causing an erroneous read- 
ing on A; if this meter is connected to the 
half of the transformer which also is con- 
nected to the valve. The valve can be 
placed between the mid-point of the trans- 
former and ground, an arrangement which 
has the advantage that the filament circuit 
for the valve tube is at ground potential. 
If, instead of grounding the center of the 
transformer, the end opposite the one con- 
nected to the valve is grounded, no inverse 
potential is applied to the x-ray tube and 
full half-wave rectification is obtained by 
the one valve; in this circuit shockproof 
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cables do not produce an erroneous reading 
on meter A; but do distort the Voltage 
wave applied to the x-ray tube and increase 
the current. 

Figure 4a represents a two-valve rectify- 
ing circuit which gives half-wave rectifica- 
tion. The two valves prevent any in- 
verse potential from being applied to the 
x-ray tube. If rather large condensers are 
added to this circuit (shown by dotted 
lines), nearly constant potential will be 
applied to the x-ray tube; but if the con- 
densers are small, such as_ shockproof 
cables, the voltage wave form applied to 
the x-ray tube will be a much distorted 
half wave which in general will reduce the 
output of radiation. Without condensers 
each valve must block half of the inverse 
potential; but as condensers are added, 
the magnitude of the inverse potential 
across each valve tube increases so that, 
if constant potential is obtained, the in- 
verse potential across each valve is ap- 
proximately equal to the total peak voltage 
developed by the transformer. Even if 
the x-ray tube current is kept constant, 
the value of the peak current through the 
valve tubes increases as the size of the 
condensers is increased, but as the peak 
value of the current increases, the length 
of time during which current flows through 
the valves decreases; the quantity of cur- 
rent which flows through the valves re- 
mains constant and equal to the quantity 
of current which flows through the x-ray 
tube. Without condensers the wave form 
of the current through the valves is the 
same as that through the x-ray tube. 
For any one size of condensers used, the 
x-ray tube voltage wave form depends 
very much on the x-ray tube current; 
the smaller the current, the more nearly 
is constant potential obtained. 

Figure 4) represents a four-valve recti- 
fying circuit which gives full wave rectifi- 
cation. This is the circuit probably most 
commonly used on machines for diagnostic 
work. When this type of rectification is 
used on a machine for therapy, condensers 
are sometimes added (as shown by dotted 
lines in the figure) so that the x-ray tube 
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will be supplied with nearly constant po- 
tential. The use of shockproof cables 
will produce a distortion in the voltage 
wave but, since, as compared with the two- 


valve, half-wave circuit of Figure 4a, 


much smaller condensers are required to 














the peak potential developed by the trans- 
former, which is the same as the peak po- 
tential applied to the x-ray tube. The 
peak value and duration of flow of current 
through the valves as compared with 
those through the x-ray tube vary with 








Fig. 4. Connections (a) for two-valve, half-wave circuit; (>) for four-valve, full-wave 
circuit 


obtain the same degree of constancy of 
potential on the x-ray tube, the use of 
shockproof cables generally tends to in- 
crease the output of radiation. Regard- 
less of whether or not condensers are used, 
the valve tubes must withstand an inverse 
potential, during the half cycle during 
which they do not pass current, equal to 


the amount of capacity (condensers) in the 
circuit in the same general way as they 
do for the two-valve, half-wave circuit 
shown in Figure 4a. 

Figure 5a represents a Villard circuit, 
in which the x-ray tube is supplied with a 
fluctuating potential. Although generally 
this circuit is spoken of as a voltage-dou- 
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bling circuit, the peak potential across the 
x-ray tube may not be double the peak po- 
tential developed by the transformer; how 
nearly it approaches being doubled depends 
on the x-ray tube current and the capacity 
of the condensers. For the same trans- 
former potential the x-ray tube potential 
increases as the capacity of the condensers 
is increased or as the current through the 
x-ray tube is decreased. With the milli- 
ammeter A; connected as shown in Figure 
5a, between one of the valve tubes and 
ground, its reading corresponds with that 
of the milliammeter (A,) in the x-ray tube 
circuit, showing that the average current 
through the valves is the same as that 
through the x-ray tube; however, the os- 
cillograph shows that current flows through 
the valves for a shorter period during each 
cycle than through the x-ray tube and has a 
peak value as much as two or three times 
the peak value of the current through the 
x-ray tube. If A, is connected between 


either half of the transformer secondary 
and ground, its reading will be practically 


double that of A,;; this shows that the 
power, which is approximately equal to the 
product of the current and the potential, 
developed in the transformer is approxi- 
mately equal to the power used by the 
x-ray tube; the potential is doubled in one 
circuit while the current is doubled in the 
other circuit. It is possible to use a single 
valve (omitting the milliammeter and 
ground connection) instead of two valves, 
but with one valve the inverse potential 
across the valve is the same as the useful 
peak potential across the x-ray tube, 
while with two valves the inverse poten- 
tial across each valve is only half as great. 
The maximum potential drop across either 
condenser is equal to half the peak poten- 
tial generated by the transformer or 
approximately a fourth the peak potential 
across the x-ray tube. 

Figure 5) represents a La Tour or Grein- 
acher circuit, in which the x-ray tube is 
supplied with a nearly constant potential 
equal to approximately twice the peak 
potential generated by the transformer. 
As in the Villard circuit (Fig. 5a), for a 
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constant transformer potential, the po- 
tential across the x-ray tube increases as 
the size of the condensers is increased or 
as the current through the x-ray tube is de. 
creased. These same factors, which tend 
to increase the potential across the x-ray 
tube, also tend to produce a more con. 
stant potential. True constant potential 
and a potential double that of the trans. 
former peak potential can be obtained 
only with zero tube current, which of 
course would not produce any x-rays. 
As in the Villard circuit, the current 
through the transformer is twice that 
through the x-ray tube (as can be shown by 
connecting meter A; between the end 
of the transformer and ground). Hence, 
the power developed by the transformer is 
approximately equal to the power used 
by the x-ray tube, although it is a voltage- 
doubling circuit. The valve tubes in this 
circuit must withstand an inverse potential 
approximately equal to twice the trans- 
former peak potential or equal to the x-ray 
tube potential, and the potential across 
each condenser is approximately equal to 
the transformer peak potential or half the 
x-ray tube potential. The current through 
the valves flows for only a short period 
during each cycle, the time of current 
flow depending on the size of the condens- 
ers and the x-ray tube current, but the 
quantity of current flowing through each 
valve is equal to the quantity flowing 
through the x-ray tube, the current of 
which is nearly constant; hence, when 
current does flow through a valve, its mag- 
nitude may be as much as ten or fifteen 
times the average current through the x-ray 
tube. If A; is connected between one set of 
condensers and ground, as shown in Figure 
5d, it reads a little higher than A, because it 
records a part of both the charging and 
discharging currents of the condensers. 
In order to obtain the same reading on As 
and A,, it is necessary to connect As into 
the rectifier (COR) circuit so that only one 
half cycle of the rectified current passes 
through it, the other half cycle being al- 
lowed to go to ground without goimg 
through the meter. 
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Figure 6 represents a Witka circuit, 
in which the potential across the x-ray tube 
approaches a peak value three times that 


of the transformer peak potential; often it 
is referred to as a voltage-tripling circuit. 
True tripling of the voltage can be ob- 
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veloped in the transformer is approxi- 
mately equal to that used by the x-ray 
tube. Since the center of the transformer 
is the only grounded point in the circuit, 
there does not appear to be any method of 
connecting a grounded milliammeter into 





Fig. 5. Connections (a) for Villard circuit; (6) for La Tour circuit. 


tained only when there is no current 
through the x-ray tube. For a constant 
transformer potential the potential on the 
Xtay tube increases as the size of the 
condensers increases or as the current 
through the x-ray tube decreases. The 
teading of meter A; is nearly three times 
that of A,, showing that the power de- 


the circuit and having it read the same as 
meter A,. The current through the valves, 
since it flows during only part of each cycle, 
is greater than that through the x-ray 
tube, and the valves must withstand an 
inverse potential equal to twice the trans- 
former peak potential. The potential 
across the condensers is equal to the trans- 
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former peak potential. This circuit is not 
often used in America. 

The circuits described in the preceding 
paragraphs represent most of the more 
commonly used fundamental circuits for 
x-ray tube potentials up to a few hundred 
kilovolts. Many variations of these may 
be set up on this model. By the use of 
additional condensers, resistances, and in- 
ductances, conditions found on almost 
any circuit can be reproduced fairly well. 
In attempting to reproduce conditions 
found on an x-ray machine, it must be re- 
membered that conditions on the model 
set are not the same as on a real machine. 








Fig. 6. 


The electric characteristics of the parts of 
the model set are different from those on a 
real machine and the voltages generated 
on the model set are of the order of a 
thousandth of the voltages used to gener- 
ate x-rays. The difference in voltages is 
particularly important when one is con- 
sidering the effects of condensers; a very 
small condenser may produce a large ef- 
fect on an x-ray machine, while to produce 
the same effect on the model set, operat- 
ing with the same x-ray tube current as the 
x-ray machine but with only one thou- 
andth the voltage, will require a condenser 
with a capacity one thousand times as 
great. 
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EQUIPMENT USED 

With the exception of the main trans. 
former, the autotransformer, and the con- 
trol box for the oscillograph, all the equip- 
ment used is standard and can be pur- 
chased at any radio store. The two trans- 
formers were made to order. The control 
box for the oscillograph was made first for 
use in calibrating x-ray equipment with 
the oscillograph and has been described 
(1). The total cost of all the equip- 
ment, except the oscillograph and con- 
trol box for the oscillograph, was less 
than $90. A 3-inch (7.6 cm.) oscillograph 
has been used because it was available: a 


Connections for Witka circuit. 


l-inch (2.5 cm.) oscillograph should be 


satisfactory for small groups. The control 
box for the oscillograph is not essential, 
although it offers a convenient means of 
determining the values of the potentials ob- 
served. 

The references in the following list of 
equipment are to Figure 2. The main 
transformer and autotransformer were 
specially made without cases. Specifica- 
tions were as follows: 


For main transformer 
Primary, 50 to 150 volts, 60 cycle (1 coil) 
Secondary, 60 to 180 volts overall at 5 to 30 
milliamperes, to be wound in two separate 


coils 
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Autotransformer: 60 cycle, 150 volts overall, 
tapped at 50, 70, 90, 110, and 130 volts. Out- 
ut sufficient to supply foregoing transformer 
as well as to provide a load as high as | ampere 
from the 130 volt tap 


All the rest of the equipment is standard. 


= V; = 0-150 volts a.c. 
= ()-250 volts aA.c. 
= (0-500 volts A.c. 
, = 0-500 volts p.c. 
le 0-10 volts A.c. 
A, = 0-3 amp. A.C. 
0-250 ma. A.C. 
. A, = 0-50 ma. D.C. 
; = 0-100 ma. A.C. 
F 1.5 amp. 250-volt Littelfuse 
Ss; DPST knife switch 
= SPST toggle switch 

Push-button switch (door bell) 

SPST normally open relay, 110-volt coil 

Neon pilot light 

Copper oxide rectifier, full wave, 50-ma. 
capacity 

G=CG =G42=G2= G = 400-volt, 
| mfd. condensers (paper) 

Tre = Trs = Trg = Tr; = Filament 
transformers (5 volt, 4 amp. second- 
aries, 110 volt primary) 

T, = T3; = T; = T; = Type 80 tubes 
(both anodes connected together) 


3 


J 
J 
J 
J 
J 


A 
As 
A 
A 


lo = r3 = rs = 250-ohm 25-watt rheostats 
(lug adjustment) 

2000-ohm 25-watt rheostat (knob adjust- 
ment) 

25-ohm 10-watt wire wound resistance 


R. = R; = Ry = Rs = 150-ohm 10-watt wire 

wound resistance 

Rheostat adjustment = 1 shorting rotary switch 
(5 circuits) 

Voltage control = 1 nonshorting rotary switch 
(6 circuits) 

Small circles (for example, at ends of secondary of 
main transformer) = Insulated phone tip jacks 
(38 used) 

Plugs on end of wires (for example, leads from 

condensers) = Phone tips (about 50 used). 
(An assortment of wires 3 inches to 12 inches 
(7.6 to 30.5 cm.) long with phone tips on both 
ends are used for connectors in high-tension 
system) 
‘16-inch (5 mm.) copper tubing used as “high 
tension” connection from banks of five phone 
tip jacks (just above 7; and 7;) to x-ray tube. 
(Copper tubing on right side ends in separate 
phone tip jack which usually is connected to the 
bank of five jacks; this connection is often a 
25-ohm non-inductive resistance used to show 
current wave form on oscillograph) 

Solid line = Red wire (main primary and second- 
ary circuits) 

Dashed line = Blue wire (x-ray tube filament 
circuit) 

Dash-dot-dash line = Green wire (control circuit) 

Dash-2 dots-dash line = Black wire (supply line) 

Dotted line = Yellow wire (valve tube filament 
circuits) 
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A Portable Geiger-Miiller Counter’ 
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WV 7HILE all of the material presented here 

is not new, the original circuit was 
published in a physics journal (1) to which 
few radiologists have access, and some im- 
portant changes have since been made. 


Fig. 1. Portable Geiger-Miiller counter in use; 
impulses heard in headphones being recorded on a 
tally counter. 


While the principle involved in a counter 
for field use is the same as that in the more 
complicated laboratory instrument, the 
practical design must differ greatly, as 
simplicity, ruggedness, and freedom from 
connection to power lines must be main- 
tained without sacrifice of sensitivity. The 
above requirements appear to be well met 
in the little instrument described here, as 
it has been successful in the recovery of 


1 Accepted for publication in November 1941. 


much radium, not only by the author but 
by Dr. George Henny of Philadelphia, 
Dr. Kenneth Corrigan of Detroit, and 
others. 

As shown in Figure 1, the instrument is 
completely contained in a steel box meas- 
uring approximately 5 1/2 xX 6 xX 3 
inches, which is carried in a canvas case 
having a pocket for the headphones. Thus 
the hands of the operator are left free for 
carrying a stop-watch and tally counter 
with which to record the number of im- 
pulses per minute. 

The sensitivity is the same as that of 
other counters described by the author. 
“Sensitivity”’ is arbitrarily defined as the 


Fig. 2. Instrument in standard steel cabinet. 


Vibrator adjustment knob on left, switch on right, 
phone jacks on side 


ability to double the normal count when 
50 mg. of radium are located at a distance 
of about 212 feet, this count being directly 
proportional to the amount of radium and 
inversely proportional to the square of the 
distance. 

With a brief description, the diagram 


(Fig. 3) should be self-explanatory. The 
old type Ford spark coil normally has one 
end of the secondary winding grounded 
to the primary. This end must be re- 
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moved from the primary and brought out 
by a well insulated lead to the plate and 
screen of the rectifier tube. This end of 
the secondary is easily located by fluoros- 
copy. Proper polarity of the primary to 
the battery must be determined by trial, 
since the secondary current is partly uni- 
directional and, to use the weaker alterna- 
tion of the cycle, will result in sparking 
across the tube socket. 
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The choke coil in series with the filament 
of the amplifier tube almost entirely pre- 
vents the sound of ‘the vibrator in the 
phones. This choke consists of the core 
from any miniature transformer, wound 
with about six ohms (DC resistance) of 
No. 28 wire. 

The vibrator spring should be ground to 
about half thickness and half width to 
lower the secondary current. In the first 
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Fig. 3. Wiring diagram. B-1 


B-2. 67 1/2 volt Everready 467 or Burgess X X45. 
1/4 meg. 
Locher stratosphere Geiger-Miiller tube. 


1000. C-2. 0.0001 mf. R-1 


In the compact arrangement shown 
here, the coil is removed from its wooden 
box and insulating compound, but some 
trouble can be saved if a slightly larger 
metal box is used to house the instrument. 
The size of the instrument has been con- 
siderably reduced by the use of a 1T4 for 
rectifier and another for amplifier instead 
of the larger tubes. Despite their minia- 
ture size they stand up under operation 
and even intentional abuse. 





tilt O 


1 1/2 volt Everready 742 or Burgess 4F. 


C-1. 1/2 mf, rated voltage 
R-2. 5 meg. R-3. 500 meg. T-1 
T-2. Radio tube type 1T4. 


few hours of service, vibrators may con- 
stantly change behavior, but once they be- 
come worked in, it is seldom necessary to 
adjust the knob. This is the only adjust- 
ment of any kind, voltage being regulated 
to give such a reading on the meter as pre- 
viously found best for the operation. 
Most of the tubes operate best with a 
cathode potential of about minus 750 
volts, but this varies somewhat for each 
Locher tube. 
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The one tube amplifier gives a sufficiently 
strong signal easily heard in noisy places. 
Though the click can be heard without any 
amplification if good phones are used, such 
an arrangement is useless in laundries, 
sewage disposal plants, and other places 
where the noise level is high. 

The critical part of any Geiger-Miiller 
counter circuit is the small coupling con- 
denser which is shunted by the high ohmage 
resistor. An ordinary good grade ‘“‘post- 
age stamp’’ condenser is suitable, but it is 
recommended that the best one be picked 
from a lot of several. 


With the batteries suggested here, the 
normal life is about one year with frequent 
use. 

An instrument of this kind when kept in 
good condition and tested once every few 
weeks is a great potential safeguard to all 
the radium in the community. 


103 Rutledge Avenue 
Charleston, S. C. 
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A Rapid Dark Adaptation Test' 


ROGER A. HARVEY, M.D. 
Rochester, N. Y. 


HERE ARE NUMEROUS methods for de- 

termining dark adaptation time, but 
most of these require complicated appara- 
tus. The method which is to be described 
is not fundamentally original (1), but is 
simple and is particularly useful in fluoros- 
copy rooms for checking the state of dark 
adaptation of the examiner or of observers 
who frequently claim to be fully adapted 
long before such a stage has been reached. 


SMGAQOWVSEOEDE 





Fig. 1. Showing film against the fluoroscopic 
screen 


For this test an aluminum step tablet 
having 12 steps, each 2.5 cm. in width, 10 
cm. in length, and progressively increasing 
| mm. in thickness, was placed upon x-ray 
film. Lead numbers from 1-12 were placed 
on, or between, or beside the steps, and the 
flm was exposed to an x-ray beam. The 
processed film showed the following read- 
ings on a densitometer: step 1 equalled 
17 density units, step 2 equalled 1.92, 
step 3 equalled 2.13, step 4 equalled 2.42, 
but beyond this step the density was too 
great to be measured on the densitometer 
available. Where an aluminum step tab- 
let is not available, strips of film can be 
arranged in order of increasing density to 
simulate the one described. Films of dif- 


_'From the Department of Radiology of the Univer- 
sity of Rochester School of Medicine and Dentistry 
and the Strong Memorial Hospital. Accepted for 
publication in November 1941. 
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ferent density scale may be required for 
various needs. 

In measuring dark adaptation, the film 
is placed against the fluoroscopic screen, 
which is allowed to fluoresce under the 
film area only. The steps in the film be- 
come clearly visible—the number of steps 
seen depending upon the observer’s degree 
of dark adaptation (Fig. 1). Unnecessary 
fluoroscopic exposure can be avoided by 
limiting the periods of test observation to 
five seconds each, or by placing the film 
on a rectangular-shaped box having a pale 
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Showing film on box lighted by a 
fluorescent bulb. 


Fig 


blue glass cover and a 15-watt fluorescent 
electric bulb (Fig. 2). 

There are definite procedures which 
must be followed if comparative tests are 
attempted with this device. Of these pro- 
cedures, numbers 1, 2, and 5 do not apply 
to the examiner, merely checking his adap- 
tation state prior to fluoroscopy: 


(1) Explanation of the film so that the 
person being tested will know what 
to expect. 

A standard period of pre-exposure 
to a source of constant brightness. 
A fixed distance from eye to film. 

A fixed distance from x-ray tube to 
fluoroscopic screen. 

A standard period of observation at 
predetermined intervals. 


In testing a group of 14 doctors and med- 
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ical students by this method, it was found 
that dark adaptation times varied from 
three to twenty minutes. The short times 
were in persons who were known to be 
taking large supplements of vitamin A. 
Similar variations were noted in the radi- 
ologists tested, but even more striking 
were the individual variations observed 
during a single day. Early in the morning, 
the adaptation time might be as low as 
three minutes, but later in the day it might 
increase to fifteen minutes in the same 
person. This wide range in accommoda- 
tion time can be accounted for by the de- 
pletion of visual purple from prolonged 
exposure to intense illumination during the 
interpretation of routine films. This vari- 


ation reveals the fallacy of any set time for 
dark adaptation before beginning a fluoros- 
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copy, and demonstrates the aid which a 
simple test procedure can render. 

Although the method described does 
not have the accuracy of the biophotom- 
eter and similar instruments, it has met 
local requirements satisfactorily, and can 
be used wherever an inexpensive, rapid test 
of dark adaptation is desired. The strip of 
film described requires adaptation to step 
9 for chest fluoroscopy, and to step 12 for 
gastro-intestinal work. These figures ap- 
ply to the installations used, and may 
vary slightly with other fluoroscopic equip- 
ment. 
Strong Memorial Hospital, 
Rochester, N.Y. 
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CASE REPORTS 


Marble Bones with Pathological 
Fracture and Bilateral Optic 
Atrophy in a Negro Child' 


BENJAMIN W. ANTHONY, M.D., and 
HERBERT C. POLLACK, M.D. 


Chicago, Il. 


Marble bones, Albers-Schénberg dis- 
ease, or osteopetrosis is a relatively rare 
condition of the human skeleton char- 
acterized by a striking change in the ap- 
pearance and structure of the affected 
bones. 

This disease may involve the entire 
bony framework, but has a special pre- 
dilection for the long bones, being more 
pronounced at their ends. It is almost ex- 
clusively diagnosed roentgenologically. 
The involved bones appear uniformly 
white, dense, and structureless, with par- 
tial or complete obliteration of the medul- 
lary spaces. X-ray films of such bones, 
therefore, appear to have been under- 
exposed. Additional films taken with in- 
creased exposure still show these bones to 
be extraordinarily opaque, and further 
roentgen studies of other regions of the 
skeleton reveal a more or less generalized 
pathological condition. Whereas osteo- 
petrosis is found predominantly in early 
childhood, it has also been observed in 
both uterine and adult life. It is most 
frequently discovered by chance on x-ray 
examination of an injured extremity or 
during the course of a routine radiological 
examination. As “‘marble bones’’ are ex- 
tremely brittle, minimal trauma is apt to 
produce a fracture—a so-called pathologi- 
cal one. 


CASE REPORT 


A.M.P.,a 9-year-old colored girl, who had been 
blind for the past seven years, was admitted to the 
hospital on June 14, 1939, complaining of pain in 
the left hip and inability to walk. The pain had 
come on suddenly and violently as she arose from a 

‘From the Department of Roentgenology, Provident 


Hospital, Chicago. Chairman, Benjamin W. Anthony, 
-D. Accepted for publication in November 1941. 


She had fallen to the floor and was unable to 
arise. The pain, though gradually decreasing in 
intensity, had continued. Her general health had 
been good until the present condition developed, 
and she was fairly well nourished. 

The child was unable to use her left lower ex- 
tremity. The left hip was painful, swollen, and 


chair. 


Left hip joint and femur: incompletely 
fracture, slight deformity, 
femur and os coxae 


Fig. 1. 
healed pathological 
articular space narrowed, 
sclerosed. 


showed abnormal mobility. The left leg was 2 cm. 
shorter than the right. The examination was 
otherwise negative except for the fact that the 
patient was blind, as mentioned above. Tubercu- 
losis of the left hip was suspected, with pathological 
fracture of the proximal end of the femur. 

X-ray examination of the pelvis revealed a sub- 
trochanteric fracture of the left femur with moder 
ate overriding of the fragments (Fig. 1). It was at 
once evident that we were dealing with a classical 
case of Albers-Schénberg disease, since all of the 
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Figs. 2 and 3. Peculiar distribution of sclerosis 
involving all bones of hands and feet, especially 
first metacarpals and metatarsals. 


pelvic bones and the proximal ends of the femora 
showed an extraordinary degree of sclerosis. The 
fracture was treated in the typical way, leaving only 
minimal deformity. The angle between the fem- 
oral head and shaft, however, was considerably 
increased, with resulting coxa valga, by virtue of 
which a shortening of the extremity was prevented. 
Healing was complete within six weeks, although 
an abnormally small amount of callus was deposited 
at the site of the fracture. 

A roentgenographic examination of the patient’s 
entire skeleton was done five months after occur- 
rence of the fracture of the left femur and practically 
all the bones showed findings characteristic of 
osteopetrosis. The bones of the hands and feet 
showed sclerosis of the proximal portions of the first 
metacarpals and metatarsals as well as the shafts of 
all of the phalanges (Figs. 2 and 3). The second to 
fifth metacarpals and metatarsals revealed sclerotic 
changes at their distal ends. The medullary spaces 
in the involved portions of the bones were obliter 
ated. The epiphyses of these bones showed only a 
moderate sclerosis; the epiphyseal lines and articular 
spaces appeared normal. The carpal bones showed 
the lamellated appearance typical of this condition. 
The proximal three-fourths of the humeri were 
sclerosed and the medullary spaces were almost ob- 
literated (Fig. 4). The distal portions of the radii 
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and ulnae were extremely dense, particularly near 
the wrists. , 

The bones of the shoulder girdle, the ribs, the 
thoracolumbar vertebrae, sacrum, and pelvis were 
involved to a pronounced degree. An irregular 
marble-like appearance was noted in all of the ribs 
(Fig. 5). The four boundaries of the bodies of the 


thoracic and lumbar vertebrae were shown to be 
sclerosed in the films in the frontal projection (Fig, 
6). In the lateral view the sclerosis presented in 
the form of a ‘‘C,”’ leaving the central portion and 
the anterior aspect of each vertebral b dy free (Fig. 
7). This absence of involvement of the medullary 


Fig. 4. Sclerosis and almost complete oblitera- 
tion of the medullary spaces of the proximal three- 
fourths of the humerus. Radius and ulna involved 
to a less extent. 


or central portions of the vertebral bodies was in 
contrast to the process in the long bones. The sacral 
and pelvic bones were sclerosed and the ilia were 
lamellated. The contour of each acetabulum was 
irregular and the joint spaces of the hips were 
narrowed due to abnormal bone deposits. 

Each femur presented an extremely bizarre ap- 
pearance in that its distal two-fifths was enor- 
mously expanded in the form of a club (Fig. 8). 
The widened portions of these bones presented trans- 
verse bands alternating in density, giving a zebra- 
like appearance. In the involved portions of the 
bones, there was no definite differentiation between 
the cortex and medullary space. Tibiae and fibulae 
were uniformly sclerosed at the proximal ends and 
striated in the lower three-fifths (Fig. 9). The 
stripes of negative density probably represented 
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MARBLE BONES 


Fig 5 


Fig. 5. Marble-like appearance of ribs, clavicles, and right scapula. 
Fig. 6. Thoraco-lumbar spine and ilia, frontal projection, showing the pathological changes in the vertebrae 
and concentric lamellation of the iliac bones. 
Fig. 7. Thoraco-lumbar spine, lateral view. The cortical margins of all the vertebral bodies are markedly 
sclerosed except for the anterior aspect. 


areas of decreased resistance and therefore possible 
sites of pathological fractures. 

Special attention was paid to the skull, which was 
extraordinarily thick, with sclerosis of the bones of 
its base, best demonstrated in the lateral view (Fig. 
10). From these findings one would expect all 
apertures at the base of the skull to be encroached 
upon. Separate films were therefore made of the 
optic foramina, which were found to be uniformly 
narrowed to a pronounced degree, the diameter 
being but 2.4 X 3mm. The average normal meas- 
urements are 4.1 X 4.65 mm. according to Clegg, 
who found no variation due to age, sex, or stock and 
concluded that an optic foramen measuring less than 
2.8mm. in any one of its diameters cannot contain a 
normal optic nerve. 

Figure 11 permits a comparison of a normal optic 
foramen and that of our patient showing concentric 
constriction, which obviously represents a part of 
the proliferating bony process at the base of the skull. 
The gradually increasing stenosis of the optic foram- 
ina explains the slowly progressive blindness in this 
case. According to the history, the child was able to 
see normally until she was two years of age, at which 
time a slowly advancing loss of vision occurred, 
leading to complete blindness within three months. 
The pupils were equal, fixed, and did not react to 
light or accommodation. Slight opacity of the 
lenses and nystagmus were noted. There was com- 
plete bilateral optic atrophy. 

Published records of the blood findings in this 
disease show a decided tendency toward anemia. 
The blood chemistry has been reported as normal by 
all observers except Kopylow, who found a hyper- 
calcemia in his patient. j 


In our case the white cell count was 7,900, with a 
normal differential count; red cell count 3,900,000; 
hemoglobin 73 per cent. Blood chemistry showed 
non-protein nitrogen 37.9 mg. per cent; glucose 69 
mg. per cent; cholesterol 148.3 mg. per cent; serum 
calcium 10.8 mg. per cent; serum phosphate 5.93 mg. 
per cent. 

The decreased number of red cells (3,900,000) 
and the lowered hemoglobin (73 per cent) indicate a 
moderate anemia. These findings are compat- 
ible with the diminished medullary spaces, which 
constitute a considerable portion of the hemopoietic 
tissue. There was no disturbance in dentition and 
the condition of the teeth was good. The physical 
development of the patient, however, corresponded 
to that of a child two years younger, confirming 
the opinion that, if the disease is manifested in 
early youth, a disturbance in growth is to be ex- 
pected. There was nothing in the history of our 
patient to indicate that this condition was either 
of hereditary or familial origin. 


A review of the literature reveals about 
118 cases of osteopetrosis, a malady which 
was first described in 1904 by Albers- 
Schénberg, after whom the condition is 


named. The most recently reported case 
is that of Vidgoff and Bracher in 1940. 
Despite the fact that a great number of 
reports concerning osteopetrosis have ap- 
peared, its etiology is still unknown. The 
most generally accepted view is that it is 
due to a disturbance in calcium metabo- 
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lism, but its exciting cause has not been 
discovered. 

Péhu found in his case of marble bones a 
tumor of the parathyroid gland and was 
of the opinion that this might be the 
underlying causative factor. With the 
exception of Kopylow, however, no one has 
demonstrated abnormal amounts of calcium 
in the blood. Pounders and Pirie believe 
the condition to be a familial, hereditary, 
and constitutional disease which may begin 
in utero. Pirie was inclined to regard con- 
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signs and symptoms may be present: 
pathological fractures; chronic osteo- 
myelitis; deformities of the skeleton, es- 
pecially of the epiphyseal areas: physical 
underdevelopment; anemia; enlargement 
of the liver, spleen, and lymph nodes; 
optic atrophy with blindness or diminy- 
tion of vision; hydrocephalus with mental 
retardation; delay in walking and denti- 
tion; defective teeth together with alveo- 
lar necrosis. 

in almost all of the cases pathological 





Fig. 8. Ischia and pubes as well as proximal ends of femora are densely scle- 
rosed. Club-shaped distal ends of femora with zebra-like formations. 
Fig. 9. Tibiae and fibulae uniformly sclerosed at the proximal ends and 
striated in the lower three-fifths. 


sanguinity, infection, and diet as respon- 
sible factors. Istria believes the condition 
to be due to an endocrine disturbance, 
e.g., of the parathyroid, thyroid, thymus, 
or hypophysis. Wortis, on the other 
hand, assumed that osteopetrosis might be 
attributable to a developmental defect, as 
he found this disease in patients with un- 
descended testes, club foot, etc. 
Albers-Schénberg disease, as a rule, is 
more or less symptomless, usually being 
found by chance during a roentgen ex- 
amination done for other reasons. Often, 
however, one or several of the following 


fractures, either single or multiple, have 
led to the diagnosis of marble bones. 
These fractures are painless, usually trans- 
verse, not splintered, and are accom- 
panied by very little swelling. They 
involve the ends of the long bones almost 
exclusively and occur after the slightest 
trauma. 

For the most part there is an abnormal 
proliferation of amorphous opaque tissue 
beneath the periosteum and cancellous 
tissue from the endosteum, producing a 
gradual obliteration of the medullary canal. 
The periosteum, however, does not usually 
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icipate in the bony changes. The 
involved bones, though they appear ex- 
tremely firm and almost unbreakable, are 
in reality very brittle and break easily 
due to loss of elasticity. Pirie found that 
pieces of osteopetrotic bones were more 
easily penetrated by a drill than normal 
ones and for this reason he recommended 
the term “chalky bones” as a better ex- 
pression than ‘“‘marble bones.”’ Fractures 
of such bones heal at a relatively normal 


rate. 


MARBLE BONES 


Davis, GeorGe G.: Osteosclerosis fragilis general- 
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Fig. 10. Lateral view of skull, showing pronounced thickening and sclerosis 
of the entire base. 

Fig. 11. A is a normal optic foramen, 4.2 X 4.8 mm. in diameter, of a girl 
of the same age as the patient. B is the pathologically constricted optic fora- 
men, 2.4 X 3 mm. in diameter, with total optic atrophy. 


SUMMARY 


A case of generalized marble bones, 
exhibiting a pathological fracture of the 
femur, has been described. The patient 
was completely blind as a result of bi- 
lateral optic atrophy secondary to con- 
striction of the optic foramina resulting 
from bony proliferation at the base of the 
skull. Besides this, a moderate anemia 
and a slight diminution in growth were 
the outstanding pathological findings. The 
blood chemistry in such cases has been 
found normal. 


426 East 51st St., Chicago, IIl. 
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Rupture of the Kidney Diagnosed by 
Retrograde Pyelography' 


ALEXANDER J. CHILKO, M.D. 
New Rochelle, N. Y. 


Traumatic rupture of the kidney is an 
uncommon but not rare event. Its oc- 
currence is estimated at one to every 
1,000 to 3,000 injuries. The clinical pic- 
ture is fairly characteristic, the main 
features being pain, tumor, hematuria, 





Figs. 1 and 2. 


ecchymoses, shock. If a history of trauma 
is given, the diagnosis is usually not diffi- 
cult. If, on the other hand, nothing is 
known about the trauma it is hard enough 
to recognize the condition. This oc- 
curred in a case recently observed. 


CASE REPORT 
Mrs. E. F., a 51-year-old white woman, com- 
plained of acute, sharp, cutting pain radiating down 
the left thigh, accompanied by blood in the urine, 


1 From the Department of Radiology in the New 
Rochelle Hospital. Accepted for publication in 


August 1941. 


March 1949 
nausea, and vomiting. Absolute bed rest failed to 
stop the bleeding and her physician referred her to 
the New Rochelle Hospital for further observation 
The possibility of a renal tumor was cx msidered most 
likely. Five days after admission the condition of 
the patient permitted cystoscopic examination 
The bladder was found to be perfectly normal. 
Pure blood was seen coming from the left ureter 
Indigo carmine injected intravenously appeared 
on the right side in 5 minutes and on the left in 
minutes. 

A flat roentgenogram of the abdomen showed the 
shadow of the left kidney to be immensely enlarged, 
reaching from the 11th dorsal to the 4th lumbar 
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Rupture of left kidney: intravenous pyelogram (left) and retrograde pyelogram (right). 


vertebra. There was no evidence of any radio- 
opaque lithiasis which could have explained the 
bleeding. Intravenous pyelography tended to con 
firm the suspicion of a tumor of the left kidney. 
Only the upper calyx was filled by the contrast sub 
stance. A diffuse accumulation of dye was visible 
in the region of the upper part of the pelvis. The 
middle and lower parts of the pelvis and calyces 
were not filled at any time (Fig. 1). 

A retrograde pyelogram showed all the calyces 
to be well filled by the contrast substance, not 
widened, and not deflected from their normal place 
in the kidney. There was a fairly large distance be- 
tween the upper calyx on the one hand and the 
middle and lower calyces on the other. This space 
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which should have been occupied by the kidney 
pelvis, showed only patchy accumulations of dye 
with very irregular outlines. The tip of the cathe- 
ter was found to be outside of the calyces (Fig. 2). 

With these findings at hand, the idea of a neo- 
plasm had to be abandoned. Enlargement of the 
kidney by a parenchymal tumor would have caused 
deflection of one or more of the calyces, while a 
hydronephrosis or pyonephrosis would have caused 
enlargement of the calyces. The presence of a 
rupture of the kidney was therefore suspected and 
on further questioning was confirmed, the patient 
admitting that she had slipped and fallen on the 
edge of the bath tub, striking her left flank. 





Fig. 3. 


Ruptured kidney, surgical specimen. 


In view of the continuous bleeding, a nephrectomy 
was done. It was found that the left kidney, to- 
gether with its capsule, was torn entirely in two 
parts, at the level of the hilum. These two parts 
were kept together only by a few fibrous bands and 
by the wall of the pelvis. There was a gap of 2 1/2 
inches at the periphery between the upper and lower 
half of the organ (Fig. 3). The renal artery and 
vein were completely severed from the kidney 
and blocked by thrombosis, sealing them com- 
pletely, so that not a drop of blood escaped during 
the operation. An old organizing hemorrhage was 
found surrounding the kidney. 

All these findings would indicate that the rupture 
Was small at first and progressed slowly throughout 
the entire width of the kidney. 

A month after the operation, the patient was dis- 
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charged from the hospital. 
perfect health. 


At present she is in 


650 Main St., New Rochelle, N. Y. 


Cavum Septi Pellucidi Biloculare! 


M. H. POPPEL, M.D. 
Roentgenologist, Kings County Hospital, New York City 


The purpose of this paper is to record a 
case in which the cavity of the septum 
pellucidum was biloculated as the result of 
a vertical mid-line adventitious partition. 

The normal septum pellucidum is a thin 
vertical partition composed of two thin 
laminae in apposition with each other in 
the median plane and separated by a nar- 
row median cleft of variable size which is 
known as the cavum septi pellucidi. 

The septum pellucidum is triangular in 
shape and intervenes between the two 
lateral ventricles. Posteriorly it is pro- 
longed backward for a variable distance 
between the body of the corpus callosum 
and the fornix, to both of which it is at- 
tached. In front it occupies the gap be- 
hind the genu of the corpus callosum, and 
below it is prolonged downward in the 
paraterminal body toward the base of the 
brain. 

On the normal encephalogram the sep- 
tum pellucidum is represented by a well 
demarcated vertical linear shadow, about 
2 or 3 mm. in width, interposed between 
the air shadows of the lateral ventricles 
in the anterior-posterior or posterior-an- 
terior view. 

Abnormally, more often in infants, the 
two leaflets are separated and form the 
lateral walls of the cavity of the septum 
pellucidum. This cavity, known also as 
the fifth ventricle, may be subdivided by 
the apposition of the fornix and the corpus 
callosum into an anterior portion, for which 
the designation fifth ventricle is retained, 
and a posterior portion or sixth ventricle. 

Congenital absence of the septum pellu- 





1 From the Department of Radiology of the Kings 
County Hospital of the Department of Hospitals of the 
City of New York, Dr. Richard A. Rendich, General Di- 
Accepted for publication in January 1940. 


rector. 
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Figs. 1 and 2. Cavum septi pellucidi biloculare: anterior and lateral views. 


cidum alone is very rare. Perforation of 
the septum is usually associated with in- 
ternal hydrocephalus, of which a con- 
siderable number of cases have been re- 
ported. More often, absence or defects of 
the septum are accompanied by defects in 
the corpus callosum and other variations 
in the brain. Secondary septal perfora- 
tions may occur in cases of tumor of the 
third ventricle with obstruction of the 
foramen of Monro and internal hydro- 
cephalus. 

No example of biloculation of the cavum 
septi pellucidi in a vertical direction in the 
mid-line could be found in the literature. 


CASE REPORT 


A one-year-old colored girl was admitted because 
of general underdevelopment. Her weight at 
birth, at full term, was 4 pounds; at one year it was 
12 pounds. 

The child was the first born to a seventeen-year- 
old mother, whose previous and present history was 
normal. Examination of the patient revealed under 
development both physically and mentally. The 
Wassermann test was negative. The blood count 
and chemistry were normal. 

Stereoscopic roentgen examination after en 
cephalography revealed a cavity of the septum 
pellucidum which was biloculated by a vertical mid- 
line partition. This was associated with a slight 
generalized internal hydrocephalus and generalized 
cerebral agenesis. 


114 E. 54th St., New York, N. Y. 
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Prolapse of Polypoid Gastric Mucosa 
into the Duodenum, with Malignant 
Change’ 


JACOB S. RUBIN, M.D. 
Jamaica, N. Y. 


A review of the literature as far back 
as 1923 reveals little concerning the 
prolapse of malignant growths of the 
gastric mucosa into the duodenum. Many 
reports of benign gastric mucosal polyps 
have appeared but in relatively few in- 
stances has there been found actual pro- 
lapse of the tissue into the duodenal bulb, 
and in even fewer cases have malignant 
changes been observed. The most com- 
prehensive reviews of pedunculated tu- 
mors with prolapse through the pylorus 
are those of Eliason, Pendergrass, and 
Wright in 1926, and by Pendergrass in 
1930. The general conclusions drawn by 
these writers may be summarized as 
follows: 

Complaints: The patient may com- 
plain of epigastric pain, paroxysmal in 
character and radiating to the back; also 


1 Accepted for publication in November 1941. 
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Fig. 1. Prolapse of gastric mucosa: six-hour 
roentgenogram, erect position. Note gastroduo- 
denal residue and irregular motility 


of oral bleeding or melena. The pain 
appears to have no definite relation to 
meals. Vomiting is not common. 

Physical and Roentgen Findings: The 
condition is rarely conclusively diagnosed 
clinically. Roentgen findings are charac- 
teristic. There is a central filling defect 
in the duodenal bulb, with some streak- 
ing of the contrast media about it. The 
defect may not appear with the patient 
erect but is demonstrable in the prone 
or right oblique posture. There is no 
disturbance in peristalsis unless the tumor 
has undergone malignant change with in- 
filtration of the muscular coat of the 
stomach. A varying degree of six-hour 
residue is observed depending upon the 
degree of ball-valve action. No gastric 
defect is visible with prolapse of a pedun- 
culated tumor through the pyloric ring. 
With prolapse of gastric mucosa the ap- 
pearance may resemble the deformity ob- 
served when there is slight pressure of 
the pyloric region on the spine. 

Anemia of the secondary type is pres- 
ent. 





PROLAPSE OF POLYPOID GASTRIC MUCOSA 





Fig. 2. Prolapse of gastric mucosa: roentgeno- 
gram showing filled stomach, in prone position 


Pathology: Papillomas, adenomas, fibro- 
mas, polyps, multiple or single, are usually 
found in the stomach near the pyloric 
ring. These are prone to ulcerate, with 
resulting bleeding and anemia. The ori- 
gin is usually a low-grade inflammation 
from a chronic irritation, with eventual 
mucosal hypertrophy, and an attempt to 
expel the mass by peristalsis, as in the 
presence of a foreign body. 

Differential Diagnosis: Differentiation 
from ulcer is possible only by x-ray 
studies. The secondary anemia due to 
bleeding is to be distinguished from per- 
nicious anemia. 


CASE REPORT 


J. T., a white female aged 63, was first seen by 
Dr. G. March in 1940, complaining of heartburn, 
nausea, epigastric distress with all foods, and a loss 
of weight amounting to7 pounds. These symptoms 
were of four months’ duration. Tarry stools had 
been observed for one month. 

The early history and family history were ir- 
relevant. Epigastric distress at first occurred only 


upon ingestion of solid foods, but later with liquids 
as well. 
ing. 


Relief was occasionally obtained by vomit- 
Otherwise the pain lasted for hours. 
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Physical examination showed general arterio- 
sclerosis, soft systolic murmurs in the mitral and 
aortic regions, and slight cardiac enlargement. Dis- 
tended, tortuous veins were present on the thin- 
walled abdomen. The blood pressure was 120/76. 
A small lump, 2 or 3 cm. in diameter, was felt 
through the abdominal wall in the pyloric region. 
Rectal examination was negative; vaginal examina- 
tion was not permitted. 

X-ray studies having been refused by the patient, 
she was placed on a dietetic régime with vitamins, 
and antispasmodics. She was not seen again until 
fifteen months later, in June 1941. She had grown 
steadily worse, had lost 20 pounds, and was unable 
to retain even liquids. The abdominal epigastric 
mass remained unchanged in size, but pain now radi- 
ated to the back, and the patient complained of 
severe constipation. A tentative diagnosis of a 
malignant tumor was made. 

The findings on roentgen examination were as 
follows. The chest was essentially negative. A 
small six-hour gastroduodenal residue was present. 
The stomach showed moderate hypersecretion, 
slight pyloric narrowing, and rapid emptying, with 
active peristalsis. The bulb was large and tender. 
At all times it had a ‘‘cottony”’ appearance and slug- 
gish motility. At twenty-four hours there was 
some delay in colonic motility; tenderness and 
limited mobility of the ileocecal area were observed. 
At forty-eight hours, the meal had reached only 
to the sigmoid colon. Tenderness was still present 
in the ileocecal region. 

The diagnosis was (1) polypoid herniation of 
gastric antral mucosa into the duodenal bulb; (2) 
chronic low-grade ileocecal inflammation. 

The patient was hospitalized on July 5, 1941. 
The blood count was: red cells 3,250,000; white 
cells 7,200, with a normal differential count. The 
urine was negative. 

Operation was done on July 11. The liver 
showed signs of hepatitis. The gallbladder and 
cystic duct contained several calculi, and some ad- 
hesions were present. The right ovary was en- 
larged and contained a hard mass, believed to be a 
Krukenberg tumor. The stomach was normal 
on the surface, but a mass was felt in the pyloric 
region, which could be pushed freely into the duo- 
denum. The lower 7 cm. of the stomach and 1 cm. 
of the duodenum were removed and a gastro- 
jejunostomy was performed. No interference in the 
right ovary or gallbladder was deemed advisable, 
due to the patient’s condition. The pathologist's 
report was as follows: 

“The specimen consists of a segment of stomach 
measuring 7 cm. in length. On the inner surface 
are found one large polypoid mass, about the size 
and shape of a plum, and numerous small polyps of 
varying size. The serosal surface is fairly smooth. 
On section, the mucous lining appears to be intact 
throughout, with no gross evidence of extension into 
the stomach musculature. 
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“Microscopic sections through the polypoid 
mass show a thin, highly vascular connective-tissue 
stem covered by a hyperplastic proliferating glandu- 
lar epithelium. The cells show marked hyper- 
chromatic changes, and occasional mitotic figures are 
present. There is a distinct invasion of the stroma 
supporting these papillary folds. The sides of the 
connective-tissue stem are lined by normal gastric 
mucosa, in striking contrast to the cells composing 
the polypoid mass. The transition from one to the 
other is abrupt. 

“Diagnosis: Gastric polyposis with carcinoma- 
tous degeneration.” 

The patient is still alive and relatively well at the 
date of writing, nearly three months after the 
operation. 


I am indebted to Dr. Michael Gosis, the surgeon, 
for a very thorough case report. 


90-26 148th St., Jamaica, N. Y. 
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Localized Aseptic Necrosis and 
Rarefaction of Bone 


Without Obvious Fracture and Involving the 
Shaft of the Proximal Phalanx of the Right 
Index Finger’ 


THOMAS HORWITZ, M.D. 
Philadelphia, Pa. 

The osseous lesion to be reported here 
represents an unusual clinical and roent- 
genographic expression of aseptic necrosis 
and postnecrotic rarefaction of bone. 


: “1 Accepted for publication in September 1941. 
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This diagnosis was not considered pre- 
operatively, and was established only after 
histologic examination. The removal of 
the localized disease process, under roent- 
genographic control, was followed by im- 
mediate and thus far continued recovery 
from the painful disability of one year’s 


duration. 
CASE REPORT 


History: A 33-year-old steel-mill worker com- 
plained of painful swelling on the ulnar aspect of 
the proximal phalanx of the right index finger. 
There was no definite history of trauma, but the 
patient stated that his work required repeated and 
firm gripping of the handle of a machine with his 
right hand. At the onset, one year previously, 
there had been only sensitiveness to pressure, but 
four months later the patient began to experience 
throbbing, nocturnal pain at the base of the right 
index finger. Following a direct minor blow six 
months before examination, he began to have more 
severe and constant pain, with increased sensitive 
ness in the proximal portion of the finger, and local 
swelling appeared on the ulnar aspect. 

Physical examination revealed swelling, local 
heat, and exquisite tenderness over the ulnar aspect 
of the proximal phalanx of the right index finger. 
The skin in this region was not discolored. The 
remaining portions of the finger were uninvolved, 
and motion in the metacarpophalangeal and inter- 
phalangeal articulations was unimpaired. Ex- 
amination of the remainder of the musculo-skeletal 
system and of the other systems of the body was 
negative. 

Roentgen examination of the bones of the right 
index finger showed a small circular radiolucent 
area on the ulnar surface of the distal end of the shaft 
of the proximal phalanx. The thin overlying corti- 
cal bone was unbroken, but was elevated like a 
blister. The bone immediately adjacent to this 
rarefied bony defect was less dense than the bone of 
the remainder of the proximal phalanx, of the other 
phalanges, and of the other hand bones, all of which 
appeared normal. The ulnar border of the phalanx, 
for about one centimeter proximal to the circular 
rarefied defect, appeared irregular, and at one point 
a definite groove was demonstrable. The soft tis- 
sues overlying these bony changes were thickened 
(Fig. 1). A roentgenogram of the left hand re- 
vealed no abnormalities. 

The blood picture was a normal one. The blood 
Wassermann and Kahn tests were negative. An 
mtracutaneous tuberculin skin test was negative. 
Repeated urinalyses revealed normal findings. 

Operation (Nov. 27, 1940): Through an incision 
on the dorso-ulnar aspect of the proximal phalanx 
of the right index finger, the small area of involved 
bone was completely excised, under roentgeno 
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graphic control. The proximal interphalangeal 
articulation was not disturbed. Although the soft 
tissues were thickened and somewhat congested, 
there was no gross evidence of a specific pathologic 
lesion. The surface of the bone, prior to excision, 
and the denuded bone, following the ostectomy, ap- 
peared grossly normal. 





Fig. 1. Postero-an- 
terior roentgenogram of 
the phalanges of the 
right index finger. There 
is a small circular radio- 
lucent defect on the ul- 
nar border of the distal 
end of the proximal 
phalangeal shaft. The 
thin overlying cortex is 
unbroken and is raised 
like a blister. The bone 
immediately adjacent to 
this area is somewhat 
decalcified. The ulnar 
border of the phalanx, 
for about one centimeter 
proximal to the rarefied 
defect, is irregular, and 
at one point a definite 
groove is demonstrable. 


Postoperative Course: The patient experienced 
immediate cessation of pain, and the pre-existing 
sensitiveness and tenderness were no longer present. 
The sutures were removed from the healed wound 
in one week, and motion was restored to the finger 
joints by intensive physiotherapy. The complete 
recovery has continued up to the present. Post- 
operative roentgenograms revealed no bony abnor- 
malities other than a smooth defect at the operative 
site. 

Histopathologic Findings: The area represented 
by the rarefied circular defect on the roentgenogram 
consisted largely of osteogenic connective tissue, 
containing occasional distended vascular spaces; 
considerable bone rarefaction was observed. There 
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were scattered spicules of living and non-viable 
lamellar bone, undergoing active vascular resorption. 
The fibrous tissue filling the interstices between or 
replacing the thinned bony trabeculae was quite 
cellular, and this was especially marked at the 
periphery of the spicules of partially or completely 
necrotic lamellar bone, where there was evidence of 
active osteogenesis. There was no evidence of in- 
flammatory cell reaction (Fig. 2). Culture of some 
of the tissue removed from the wound revealed no 
bacterial growth. 
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faction was arrived at only after histologic 
examination of the material removed at 
operation. Although this is an unusual 
expression of this disease process, it is note- 
worthy that King has illustrated an identi- 
cal localized lesion, that was productive of 
pain and tenderness, in the ulnar styloid 
process, and that he has recorded a similar 
observation in the head of a metacarpal 





Fig. 2. Histologic section (100) from the area represented by the 


rarefied circular defect in Fig. 1. 


There are scattered spicules of living 


and dead lamellar bone, which are undergoing active vascular resorption. 
The connective tissue filling the interstices between or replacing the 
bony trabeculae is quite cellular, especially at the margins of the spicules 
of lamellar bone, where there is evidence of active osteogenesis, with the 
deposition of osteoid tissue and immature bone. There is no evidence 


of inflammatory cell reaction. 


Diagnosis: Localized aseptic necrosis and post- 
necrotic rarefaction of bone. 


DISCUSSION 


The clinical and roentgen findings were 
not considered to be consistent with a 
diagnosis of the localized infectious or 
benign or malignant neoplastic processes 
known to affect the long bones of the hand, 
primarily or secondarily. The diagnosis 
of aseptic necrosis and postnecrotic rare- 


bone. He has interpreted this lesion as 
being probably traumatic in origin. Al- 
though there is no roentgenologic or his- 
tologic evidence of an associated fracture, 
recent or healed, in the case here reported, 
the necrosis may well have followed a 
localized vascular lesion, with or without 
bony infraction. Despite the absence of a 
history of specific trauma, the potentiali- 
ties of minor injury during the patient’s 
laborious duties cannot be overlooked. 
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The histopathologic features of the os- 
seous lesion in this case are identical with 
those observed in other localized rarefying 
diseases of bone (King). The roentgeno- 
graphic picture of these lesions is dependent 
directly upon their histopathologic fea- 
tures. Those areas in which the bony 
trabeculae are thinned and widely sepa- 
rated, and the interstices are filled with 
vascular fibrous tissue, will appear radio- 
lucent. The trabeculae may become com- 
pressed and roentgenographically the bone 
will appear densified. Rarefied areas on 
the roentgenogram may represent zones of 
widely dissimilar histologic structure 

fibrous, fatty, cartilaginous, or osteoid 
tissues, or areas of mucoid degeneration. 
The radiographic appearance will be fur- 
ther modified dependent on the amount 
of bone necrosis and the degree of replace- 
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ment of the necrotic bone trabeculae by 
new bone formation. 


CONCLUSIONS 

The osseous lesion described in this 
presentation represents an atypical expres- 
sion of localized aseptic necrosis and post- 
necrotic rarefaction involving a single adult 
long bone of the hand. Immediate and 
thus far continued recovery from an as- 
sociated painful disability of one year’s 
duration followed complete excision of the 
involved bone, under roentgen control. 


Physicians’ Bldg. 
20th and Chestnut Sts., Philadelphia, Pa. 
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The Beginnings of Disease 
Presidential Address! 


I am fully aware of the excellence of this 
occasion. I even more appreciate the small 
part I have had in its formation. Such an 
event as this, the 27th Annual Banquet of 
the Radiological Society of North America, 
is not the consummation of the labors of 
one man but of many men, working many 
hours a day for many years—a quarter of a 
century of united effort. There have been 
those far-seeing scientists, exemplified by 
such personages as the Orndoffs, the Soil- 
ands, and the Stevens, the Carmans, the 
Pfahlers, and the Ernsts, who have realized 
that it is not sufficient to merely have a 
national society but rather that such an 
organization has a responsibility to its 
members and to the people, and who have 
given of their very life blood to perfect this 
ideal. To those men with such a vision and 
to the leaders of today with the willingness 
and resolution to carry on, to the Radio- 
logical Society and its members, I extend 
my greetings. 

Our world about us is a wonderful but a 
fearful world. Among its myriad activities 
there is a group of silent forces known as 
natural processes oras Nature. These proc- 
esses, this system of activities, are both 
wonderful to contemplate and fearful to 
know. They create only to destroy. 
Atomic particles are put together to create 
physical bodies and taken apart to destroy 
them. In other words,*Nature has both 
creative and destructive forces, and im- 
mediately upon the creation of any physical 
body destructive forces are set in motion 
which will eventually destroy it. Nothing 


1 Delivered before the Radiological Society of North 
America at the Twenty-seventh Annual Meeting, San 
Francisco, Calif., Dec. 1-5, 1941. 


seems to escape this ultimate end unless it 
is the component parts of the atoms, the 
matter-energy particles. The trees, the 
plants, the earth, the planets, must all 
meet the same eventualend. This state of 
things, which has the power to give both 
joy and happiness, illness and death, has 
produced the physician. 

Intothis environment of natural processes 
is placed the human being. We usually as- 
sume that the infant or young child is a 
physiological unit with properly balanced 
physiologic activities for growth and de- 
velopment. This is not the case. The in- 
fant and young child have no more an 
ideal physiologic state for growth and de- 
velopment than the mature adult has for 
continual life. The child of today is the 
adult of tomorrow. The physical qualities 
of the child are known as its anatomy and 
the changes taking place from infancy to 
adult life are the progression of this anat- 
omy. Seldom, if ever, are the activities of 
the anatomical structures in such a state of 
equilibrium that they are neither progress- 
ing or receding. There is never a condition 
of complete rest. Even in the genes of the 
ovum and spermatozoa the forces of nature 
are already beginning to influence the future 
life of the human being. Upon the forma- 
tion of the anatomy of the fetus, upon the 
birth of the infant, inherited qualities and 
environment begin to disturb the natural 
physiologic processes and to establish the 
first beginnings of disease. The progression 
of these beginnings of disease throughout 
the life span of the individual and the 
changes registered by them upon the anat- 
omy of the individual constitute the life 
cycle, the story of the chronic disease which 
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kills at fifty. Since these chronic diseases 
are progressive changes in anatomy, then 
their detection and portrayal should be the 
goal of the physician and particularly the 
radiologist—the writing of the story of 
chronic disease from its beginning until 
death. Such a story of romance and tragedy 
has never been written and only partially 
attempted. 

The physician, generally speaking, has 
the available time to diagnose and to treat 
only the acute illnesses and those end-results 
of many years of obscure but chronic dis- 
ease. The acute illnesses are those catas- 
trophies of life which demand immediate 
attention. The end-results, as gallstones 
or cancer, follow years of unrecognized 
chronic disease, Nature’s processes for de- 
struction. When the surgeon removes gall- 
stones, he removes the end-results of dis- 
ease and by so doing contributes very little 
to our knowledge of the beginning of the 
gallstones. On the other hand, what con- 


tributions to our knowledge could be had 
by a careful study of this gallbladder 


throughout the patient’s life span! What 
scientific data might be obtained by the 
roentgen examination of the gastro-intesti- 
nal tract throughout the life span preceding 
ulcer and cancer of the stomach, or even 
preceding appendicitis! What radiologist 
but would like to have the life record of the 
osseous system of the patient with Paget’s 
disease ! 

It is possible for the physician to observe 
and to record the complete life cycle of an 
acute illness, which may be only of a few 
weeks’ or months’ duration, but the dura- 
tion of a chronic illness which kills at fifty 
may be fifty years. A complete study and 
recording of such a chronic disease can then 


only be made by the combined, organized 
efforts of many scientists. Chronic diseases 
are disturbances of the physiologic state 
and register themselves as pathologic 
changes of the living anatomy. Such dis- 
turbances of physiology and the pathologic 
changes of the anatomy can usually be 
demonstrated by the roentgen examination. 
Of all the physicians of today the radiol- 
ogist has the greatest opportunity to re- 
cord and to analyze the life span of the 
great group of chronic diseases. The roent- 
gen examination is the best single method 
for portraying the functions and dysfunc- 
tions of living anatomy. Will the radi- 
ologists assume this responsibility—a re- 
sponsibility of leadership? In the mean- 
time the child, the young adult, proceeds 
into adult life with anatomical changes— 
the beginnings of serious disease—as the 
result of the forces of heredity, environment, 
and nature, unrecognized and untreated. 

As “‘sleep”’ is the ‘‘chief nourisher in life’s 
feast”’ so is leisure time the chief nourisher 
of research. As radiologists we have been 
occupied with developing methods for the 
diagnosis and the treatment of the acute 
illnesses and the end-results of chronic dis- 
ease. This task has been wonderfully well 
done. May we not be approaching an op- 
portune time for the organized study of the 
beginnings of disease? Such studies would 
not only enhance the pleasures of living but 
also add another decade to life’s expectancy. 
May America continue to be blessed and 
may the radiologist continue to have the 
blessings of adequate equipment and the 
leisure time to further his investigations of 
the diagnosis and treatment of disease and 
especially the beginnings of disease. 

W. WALTER Wasson, M.D. 
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INSTITUTE ON CANCER 
A one-day Institute on Cancer was held on Jan. 17 
at Syracuse University College of Medicine under 
the auspices of the College, the Tumor Clinic As- 
sociation of the State of New York, Medical Society 
of the State of New York, and the Division of Cancer 
Control of the New York State Department of 
Health. The institute was a part of the program of 
postgraduate medical education conducted by the 
Medical Society. 
The following program was presented: 


1:30 P.M. 

The Roéle of Tumor Clinics in Cancer Control, 
BowMAN S. CROWELL, M.D., Associate Director, 
American College of Surgeons, Chicago, Illinois 
Discussion: Louis C. Kress, M.D., Director, Divi- 
sion of Cancer Control, State Department of 
Health, Albany, New York 

The General Practitioner and the Diagnosis of 
Cancer, Liroyp F. Craver, M.D., Attending 
Physician, Memorial Hospital, New York City 
Discussion: Karl F. Eschelman, M.D., Director, 
Tumor Clinic, Edward J. Meyer Memorial Hos- 
pital, Buffalo, New York 

Advances in Surgical Treatment of Cancer, JOHN 
J. Morton, Jr., M.D., Professor of Surgery, Uni- 
versity of Rochester School of Medicine, Rochester, 
New York 
Discussion: George W. Cottis, M.D., President 
elect, Medical Society of the State of New York, 
Jamestown, New York 

Biopsy—Indications and Methods, J. Howarp 
FerGcuson, M.D., Associate Professor of Pathol- 
ogy, Syracuse University College of Medicine, 
Syracuse, New York 
Discussion: Rudolph J. Shafer, M.D., Director of 
Laboratories, Steuben County, Corning, New 
York 


DINNER MEETING 
6:15 P.M. 

Principles of Radium and X-Ray Therapy, G. ALLEN 
Rosinson, M.D., Director, Tumor Clinic, Flower 
and Fifth Avenue Hospitals, New York City; 
WaLTeR T. Murpuy, M.D., Radiologist, State 
Institute for the Study of Malignant Diseases, 
Buffalo, New York 

X-Ray as a Diagnostic Aid in Cancer, ByRL KirK- 
LIN, M.D., Chief of Section on Roentgenology, 
Mayo Clinic, Rochester, Minnesota 


ARKANSAS RADIOLOGICAL SOCIETY 


On Oct. 1, 1941, the radiologists of Arkansas, 
meeting in Little Rock, organized the Arkansas 
Radiological Society. Meetings will be held every 


three months and also in connection with the annual 
meeting of the state medical society. The officers 
are: President, Fred Hames, M.D., of Pine Bluff: 
Secretary-Treasurer, J. S. Wilson, M. D., of Monti- 
cello. 


USE OF X-RAYS IN THE MANIPULATION 
OF FRACTURES OF THE EXTREMITIES 


The following Memorandum on the dangers en- 
countered in the use of x-rays in the manipulation of 
fractures of the extremities,’ issued by the British 
X-Ray and Radium Protection Committee, has 
been sent to the Editor by our British colleagues, 
Dr. G. Harrison Orton and Dr. Sydney Russ. 

X-rays may be used for this purpose in two ways: 


By screening or taking radiographs (which can 
now be processed very rapidly) when the sur- 
geon believes he has attained correct position. 
Radiography should be the usual procedure 
adopted, and should involve no exposure of 
the hands or person to a direct beam of x-rays. 

2. By actually manipulating the fracture under 
fluorescent screen control. This inevitably 
produces conditions of grave risk, and cannot 
be rendered safe, for the surgeon’s hands must 
at times come into the direct beam of x-rays. 

Only in exceptional cases should the second al- 
ternative be adopted, and then only on the responsi- 
bility and under the direction of the senior surgeon. 
Such work should never be delegated to juniors. 

General Conditions: The operating room should be 
satisfactorily darkened. Lights should be dimmed 
as far as possible before screening, and no lights 
should face the surgeon. 

The previous films of the case should be seen and 
memorised, and not scrutinised in a bright viewing 
box immediately before the manipulation. It is 
essential that the surgeon should prepare his eyes 
for screening. This takes a certain amount of time, 
which varies with the individual, but a minimum 
period of five minutes in the dark should be allowed 
for this. It can also be attained by using a single 
red light in the room or by the wearing of dark 
(preferably red) goggles for a period of some minutes 
before screening is begun 

The x-ray apparatus should be operated by a 
radiographer who has been specially trained for 
this work. He should be given definite instruc- 
tions by the radiologist as to the limits within which 
he must use the apparatus. These limits should be 
governed by hard and fast rules, drawn up by the 
radiologist in conjunction with the surgeon in charge, 
and not in any circumstances to be varied if a sur- 
geon finds himself in difficulty. 

1 The same considerations apply to the removal of 
foreign bodies under x-rays 
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The radiographer should keep a log book recording 
the factors with actual times of screening involved. 
This log book should be signed by the surgeon 
after each operation, and the book should be in- 
spected at regular intervals by the radiologist. 
"Operating Conditions: In general the recommenda 
tions of the British X-ray and Radium Protection 
Committee should be followed. 

The tube-screen distance should not be less than 

”) or more than 30 inches. 
; The apparatus should be set to give not more than 
63 kv. For thin parts and children a lower kilo 
voltage will be adequate. Three milliamperes is the 
maximum screening current that should be used. 

As a safeguard against excessive screening cur 
rent, an automatic ‘‘cut-out’’ can be incorporated 
in most x-ray sets at a small cost, which will ‘‘cut 
out” if the selected factors are exceeded. 

All apparatus should be shock-proof. An alumin 
jum filter of 1 or 1.5 mm. should be fixed in the aper 
ture of the x-ray tube so as to furnish a total filtra 
tion of not less than 2 mm. of aluminium. Cones or 
evlinders to limit the x-ray field are essential; these 
should be of such size that the illuminated area falls 
well within the limits of the fluorescent screen. An 
illuminated area of 5 inches circle, or 4 inches by 6 
inches rectangle, is ample for this type of work. The 
radiographer should constantly watch to see that 
the x-ray beam is kept within the limits of the 
fluorescent screen. It is his duty to point it out to 
the surgeon if this essential factor is not complied 
with. If the x-ray tube and screen can be coupled 
to ensure this, it is a major safeguard which should 
be adopted. 

An integrating time switch is useful. 
sures should be made with a timing device. 

The fluorescent screen, faced with lead glass, 
should be of modern manufacture and in good condi- 
tion. It must have handles that afford protection 
to the hands. A mechanical device for holding the 
screen is, however, preferable. 

Under the above conditions screening and radiog- 
raphy between manipulations can be carried out 
with safety, provided always that the hands of the 
operator or of the assistant who holds the screen or 
films do not come within the direct beam. 

Manipulation of fractures under screen observa 
tion should only be employed in very exceptional 
cases, preferably, if possible, with a radiologist in at- 
tendance. The time occupied in such manipulation 
should be strictly limited to one minute, and this 
should be accurately computed by the radiographer 
in attendance. It should be recognized that, even 
with one rapid manipulation with the hands in the 
direct beam, the safety tolerance dose may be con- 
siderably exceeded. If the surgeon is willing to take 
this risk, it is entirely on his own responsibility. 

(Note: In the direct beam the exposed hands are 
subject to the daily safety tolerance dose in the pre- 
scribed conditions in about 2 seconds at 20 inches. 
At shorter distances, ¢.g., when the reflecting 


All expo- 


ject-size in cm.”’; 
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fluoroscope is employed, the hands are nearer the 
tube and the dose is increased.) 

The cryptoscope (the fluorescent screen fitted to 
the head and supplied with a hood) is a very danger- 
ous device, and should never be used. 

Operating conditions vary greatly in different 
hospitals, and it is suggested that each should draw 
up its own set of regulations. A list of specific 
safety instructions should be prepared and posted in 
the departments concerned. 


CORRECTION 


A Simple Calculator for Roentgeno- 
graphic Mensuration 


Ting, T. P.: 


In the article entitled ‘“‘A Simple Calculator for 
Roentgenographic Mensuration,” by T. P. Ting, 
in RaproLocy for August 1941 (37: 208, 1941), 
the curves in Figures 1 and 2 are unfortunately in- 
correctly labelled. Corrections should be made as 
follows: 

In Fig. 1, “‘image-size in cm.” should read ‘‘ob- 
‘x = object-size in cm.”’ should 
read ‘‘a = image-size in cm.”; ‘x = 0,x = 1,x = 
2,x = 3,x = 4,x = 5, x = 6” should read “a = 
Qa=1a=2,4a=3,4a=4,a=5,a= 6." 

In Fig. 2, ‘‘object-size in cm.”’ should read “‘image- 
size in cm."’; “a = image-size in cm.”’ should read 
“x = object-size in cm.”; “a = 
should read “‘x = 0,x = 1, 


0,.@= 


a = 3” 


In Memoriam 
ALLEN HANSON BLAKE 


1881-1941 


Dr. Allen Hanson Blake of West Somerville, 
Mass., died early in December 1941, after a brief 
illness. Dr. Blake was born in Cambridge, sixty 
years ago, was graduated from Harvard Medical 
School in 1904, and spent the two following years 
in the Panama Canal Zone. From 1910 until his 
death he was on the staff of the Somerville Hospital. 
He was a member of the Radiological Society of 
North America and of the New England Roentgen 
Ray Society. 


WALTER COX BARKER 
IS7S-1941 

Notice has been received of the death of Dr. 
Walter Cox Barker of Philadelphia on Dec. 26, 
1941. Dr. Barker was born in 1878 and was a 
graduate of Hahnemann Medical College of Phila- 
delphia, which he subsequently served as Consulting 
Roentgenologist. He was Radiologist to the Broad 
St. Hospital and was a member of the Radiological 
Society of North America and of the American 
Roentgen Ray Society 
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Books Received 


Books received are acknowledged under this head- 
ing, and such notice may be regarded as recognition 
of the courtesy of the sender. Reviews will be pub- 
lished in the interest of our readers and as space per- 
mits. 


NASAL SINUSES. AN ANATOMIC AND CLINICAL 
CONSIDERATION. By O. E. VAN Atyea, M.D., 
Assistant Professor, Department of Laryngology, 
Rhinology and Otology, University of Illinois Col- 
lege of Medicine, Chicago. A volume of 262 pages 
with 82 illustrations. Published by The Williams 
& Wilkins Company, Baltimore, 1942. Price 
$6.50. 


Book Reviews 


Tue 1941 Year Book oF RapIOLoGy. Diagnosis 
edited by CHARLES A. WATERS, M.D., Associate 
in Roentgenology, Johns Hopkins University; 
Assistant Visiting Roentgenologist, Johns Hop- 
kins Hospital, and WuHITMER B. Firor, M.D., 
Assistant in Roentgenology, Johns Hopkins Uni- 
versity; Assistant in Roentgenology, Johns Hop- 
kins Hospital. Therapeutics edited by Ira I. 
KAPLAN, B.Sc., M.D., Director, Radiation Ther- 
apy Department, Bellevue Hospital, New York 


City; Associate Radiologist, Lenox Hill Hospital, 


New York City; Clinical Professor of Surgery, 
New York University Medical College. 440 
pages and 486 illustrations. Published by The 
Year Book Publishers, Inc., Chicago, Ill., 1941. 
Price $5.00. 


The 1941 Year Book of Radiology is the tenth of 
this excellent series. Like its predecessors, it pre- 
sents in digest form a summary of the radiological 
literature of the world. Twenty-eight per cent of 
the articles are taken from journals published outside 
of the United States. Many come from clinical pub- 
lications while the purely radiological journals are, 
as would be expected, fully represented. 

In the diagnostic section the material is conven- 
iently classified under the various systems of the 
body. A new section on Military Roentgenology 
has been added this year. 

The section on therapy is also arranged on an 
anatomical basis, making for easy reference. In 
addition there are sections on Radiation Physics, 
Radiation Biology, and Radiation in General Medi- 
cine. A general summary of the status of radio- 
therapy during the year is given by one of the editors 
in the Introduction. 

Iliustrations reproduced from the original papers 
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add greatly to the value of the work, and ample in- 
dexes of authors and subjects enhance its value as 
a reference book. It will find frequent use by busy 
radiologists. The accumulated volumes will be in- 
creasingly valuable when a cumulative index is 
available. 


CLINICAL ROENTGENOLOGY OF PREGNANCY. By 
Witut1amM Snow, M.D., Director of Radiology, 
Bronx Hospital, Roentgenologist-in-Charge, Har. 
lem Hospital, New York City. A volume of 178 
pages with 119 figures. Published by Charles C. 
Thomas, Springfield, Illinois, 1942. Price $4.50. 


In the first third of this book the author describes 
the method of roentgenologic pelvimetry which he 
uses in his practice, discussing the positioning of the 
patient, roentgenologic technic, and the computation 
of the pelvic and cephalic diameters. His method. 
which is fairly simple, is a modification of the posi- 
tion method popularized by Thoms. To correct for 
the distortion of the various pelvic and cephalic di- 
ameters as measured on the films, computations are 
made using either a chart, which is reproduced in 
the book, or a special slide rule manufactured to the 
author's specifications by one of the x-ray equip- 
ment companies. Predictions concerning bony dys 
tocia are based on these corrected measurements, 
together with a consideration of the general shape 
and contour of the pelvis as advocated by Caldwell, 
Moloy and their associates. Brief discussions of the 
Caldwell-Moloy classification and of the Turner 
“pelvic index” are included. 

The second portion of the book is given over toa 
discussion of the roentgen visualization of the soft 
tissues in pregnancy. Determination of the site of 
implantation of the placenta, diagnosis of placenta 
previa, premature separation of the placenta, hy- 
dramnios, extra-uterine pregnancy, and tumors com- 
plicating pregnancy are all considered. Drawings 
and reproductions of roentgenograms add greatly 
to the value of the exposition. 

In the last third of the book roentgenograms from 
twenty-two cases are reproduced to scale, together 
with the author's measurements and comments. 
This section is intended to serve as a practice ground 
where the reader, by making his own measurements, 
may become proficient in the interpretation of pelvi- 
metric roentgenograms. 

Although this book attains its purpose as a work- 
ing manual of pelvimetry, it does so only for the 
method described. Anyone working in this field 
should not be satisfied until he has become familiar 
with the original works of Caldwell and Moloy, 
Thoms, Ball, and others whose writings are included 
in the bibliography, which, with a satisfactory index, 
completes the volume. 
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gditor’s Note—Will secretaries of societies please co- 
te by sending information to Howard P. Doub, 
M_D., Editor, Henry Ford Hospital, Detroit, Mich. 


UNITED STATES 


Radiological Society of North America.—Secretary, D. S. 
Childs, M.D., 607 Medical Arts Building, Syracuse, 
N. Y. 

American Roentgen Ray Society.—Secretary, C. B. 
Peirce, Royal Victoria Hospital, Montreal, Canada. 
American College of Radtology.—Secretary, Mac F. 
Cahal, 540 N. Michigan Ave., Chicago, Ill. Annual 

Meeting, 1942, Atlantic City, N. J. 

Section on Radiology, American Medical Association.— 
Secretary, Dr. J. T. Murphy, 421 Michigan St., 
Toledo, Ohio. Annual Meeting, 1942, Atlantic 
City, N. J 

ARKANSAS 

Arkansas Radiological Society.—Secretary-Treasurer, J. 

S. Wilson, M.D., Monticello. » Meets every three months 

and annually at meeting of State Medical Society. 


CALIFORNIA 
California Medical Association, Section on Radiology.— 
Secretary, Joseph D. Coate, M.D., 434 Thirtieth St., 
Oakland. 


Los Angeles County Medical Association, Radiological 
Section Secretary, Donald R. Laing, M.D., 65 N 
Madison Ave., Pasadena. Meets second Wednesday of 
each month at County Society Building. 

Pacific Roentgen Society.—Secretary-Treasurer, L. Henry 
Garland, M.D., 450 Sutter St., San Francisco. Society 
meets annually during annual meeting of the California 
Medical Association. 

San Francisco Radiological Society—Secretary, J. 
Maurice Robinson, M.D., University of California 
Hospital. Meets monthly on third Thursday at 7:45 
p.M., for the first six months at Toland Hall ( University 
of California Medical School); second six months at 
Lane Hall (Stanford University School of Medicine). 


COLORADO 
Denver Radiological Club.—Secretary, Edward J. Meister, 
366 Metropolitan Bldg. Meetings third Friday of each 
month at the Denver Athletic Club. 


CONNECTICUT 
Connecticut State Medical Society, Section on Radiology. 
—Secretary-Treasurer, Max Climan, M.D., 242 Trum- 
bull St., Hartford. Meetings bimonthly, on second 
Thursday. Place of meeting selected by Secretary. 


FLORIDA 
Florida Radiological Society.—Secretary-Treasurer, 
Walter A. Weed, M.D., 204 Exchange Building, Orlando. 
Next meeting at annual meeting of State Medical 
Association, April 13-15, 1942, Palm Beach. 


q GEORGIA 

Georgia Radiological Society.—Secretary-Treasurer, Rob- 
ert C. Pendergrass, M.D., Prather Clinic Bidg., 
Americus. Meetings twice annually, in November and 
at the annual meeting of State Medical Association. 


on ILLINOIS 

Chicago Roentgen Society.—Secretary, Chester J. 
Challenger, M.D., 3117 Logan Blvd. Meets at the 
Palmer House on the second Thursday of October, 
November, January, February, March, and April. 


Illinois Radiological Society.—Secretary-Treasurer, Wiil- 
liam DeHollander, M.D., St. Johns’ Hospital, Spring- 
field. Meetings quarterly by announcement. 
Illinois State Medical Society, Section on Radiology.— 
Secretary, Earl E. Barth, M.D., 303 E. Chicago Ave., 
Chicago. 

INDIANA 
The Indiana Roentgen Society.—Secretary-Treasurer, 
Harold C. Ochsner, Methodist Hospital, Indianapolis. 
Annual meeting in May. 


IOWA 

The Iowa X-ray Club.—Holds luncheon and business 
meeting during annual session of Iowa State Medical 
Society. 

KENTUCKY 
Kentucky Radiological Society.—Secretary-Treasurer, 
Joseph C. Bell, M.D., 402 Heyburn Bldg., Louisville. 
Meeting annually in Louisville, third Sunday afternoon 
in April. 

LOUISIANA 
Louisiana Radiological Society.—Secretary-Treasurer, 
Johnson R. Anderson, M.D., North Louisiana Sani- 
tarium, Shreveport. Meets annually at same time as 
State Medical Society. Next meeting, New Orleans, 
April 1942. 
Shreveport Radiological Club.—Secretary-Treasurer, W. 
R. Harwell, M.D. Meetings monthly on the second 
Wednesday, at the offices of the various members. 


MARYLAND 
Baltimore City Medical Society, Radiological Section.— 
Secretary, Walter L. Kilby, M.D., 101 W. Read St. 
Meetings are held the third Tuesday of each month. 


MICHIGAN 

Detroit X-ray and Radium Society.—Secretary-Treasurer, 
E. R. Witwer, M.D., Harper Hospital, Detroit. Meet- 
ings first Thursday of each month from October to May, 
inclusive, at Wayne County Medical Society club 
rooms, 4421 Woodward Ave., Detroit. 

Michigan Association of Roentgenologists.—Secretary- 
Treasurer, E. M. Shebesta, M.D., 1429 David Whitney 
Bldg., Detroit. Meetings quarterly by announcement. 


MINNESOTA 
Minnesota Radiological Society—Secretary, John P. 
Medelman, M.D., 572 Lowry Medical Arts Blidg., St. 
Paul. Meetings quarterly. 


MISSOURI 

The Kansas City Radiological Society.—Secretary, P. E. 
Hiebert, M.D., 907 North Seventh St. (Huron Bldg.), 
Kansas City, Kansas. Meetings last Thursday of each 
month. 

The St. Louis Society of Radiologists —Secretary, Wilbur 
K. Mueller, M.D., University Club Bldg. Meets on 
fourth Wednesday of October, January, March, and 
May, at a place designated by the president. 


NEBRASKA 
Nebraska Radiological Society.—Secretary, D. A. Dow- 
ell, M.D., 816 Medical Arts Bldg., Omaha. Meetings 
third Wednesday of each month at 6 P.M. in either 
Omaha or Lincoln. 


NEW ENGLAND 
New England Roentgen Ray Society (Maine, New Hamp- 
shire, Vermont, Massachusetts, and Rhode Island).— 
Secretary, Hugh F. Hare, M.D., Lahey Clinic, Boston, 
Mass. Meets monthly on third Friday at Boston 
Medical Library. 
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NEW JERSEY 
Radiological Society of New Jersey.—Secretary, H. J. 
Perlberg, M.D., Trust Co. of New Jersey Bldg., Jersey 
City. Meetings at Atlantic City at time of State 
Medical Society and midwinter in Newark as called by 
president. 

NEW YORK 
Associated Radiologists of New York, Inc.—Secretary, 
William J. Francis, M.D., 210 Fifth Ave., New York 
City. Regular meetings the first Monday evening of 
the month in March, May, October, and December. 
Brooklyn Roentgen Ray Society.—Secretary-Treasurer, 
Leo Harrington, M.D., 880 Ocean Ave. Meetings held 
the fourth Tuesday of every month, October to April. 
Buffalo Radiological Society.—Secretary-Treasurer, 
Joseph S. Gianfranceschi, M.D., 610 Niagara St. 
Meetings second Monday evening each month, October 
to May, inclusive. 
Central New York Roentgen Ray Society.—Secretary- 
Treasurer, Carlton F. Potter, M.D., 425 Waverly Ave., 
Syracuse. Meetings are held in January, May, and 
October, as called by Executive Committee. 
Long Island Radiological Society—Secretary, Marcus 
Wiener, M.D., 1430 48th St., Brooklyn. Meetings 
fourth Thursday evening each month at Kings County 
Medical Bidg. 
New York Roentgen Society—Secretary, Paul C. 
Swenson, M.D., Presbyterian Hospital, New York, 
N. Y. 
Rochester Roentgen-ray Society.—Secretary, S. C. David- 
son, M.D., 277 Alexander St. Meetings at convenience 
of committee. 

NORTH CAROLINA 

Radiological Society of North Carolina.—Secretary- 
Treasurer, Major I. Fleming, M.D., 404 Falls Road, 
Rocky Mount. Meeting with State meeting in May, 


and meeting in October. 


NORTH DAKOTA 
North Dakota Radiological Society.—Secretary, L. A. 
Nash, M.D., St. John’s Hospital, Fargo. Meetings 
by announcement. 


OHIO 
Ohio Radiological Society.—Secretary, J. E. McCarthy, 
M.D., Cincinnati. The next meeting will be held at 
the time and place of the annual meeting of the Ohio 
State Medical Association. 
Cleveland Radiological Society.—Secretary-Treasurer, 
J. O. Newton, M.D., 13921 Terrace Road, East Cleve- 
land. Meetings at 6:30 p.m. at the Mid-day Club, in 
the Union Commerce Bldg., on fourth Monday of each 
month from October to April, inclusive. 
Radiological Society of the Academy of Medicine (Cin- 
cinnati Roentgenologists).—Secretary-Treasurer, Justin 
E. McCarthy, M.D., 707 Race St. Meetings held third 
Tuesday of each month. 


PENNSYLVANIA 

Pennsylvania Radiological Society.—Secretary-Treasurer, 
L. E. Wurster, M.D., 416 Pine St., Williamsport. 
The Society meets annually; time and place of next 
meeting will be announced later. 

The Philadelphia Roentgen Ray Society.—Secretary, 
Barton R. Young, M.D., Temple University Hospital, 
Philadelphia. Meetings held first Thursday of each 
month at 8:15 p.m., from October to May, in Thomson 
Hall, College of Physicians, 21 S. 22nd St., Philadel- 
phia. 

The Pittsburgh Roentgen Society.—Secretary-Treasurer, 
Harold W. Jacox, M.D., 4800 Friendship Ave., Pitts- 
burgh, Pa. Meetings are held on the second Wednes- 
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day of each month at 4:30 p.m., from October 
- the Pittsburgh Academy of Medicine, 322 Ne = 
t. 
ROCKY MOUNTAIN STATES 
Rocky Mountain Radiological Society (North Dakota 
South Dakota, Nebraska, Kansas, Texas, Wyoming, 
Montana, Colorado, Idaho, Utah, New Mexico),— 
Secretary, A. M. Popma, M.D., 220 North First St 
Boise, Idaho ” 
SOUTH CAROLINA 

South Carolina X-ray Society.—Secretary-Treasurer 
Malcolm Mosteller, M.D., Columbia Hospital, Colum: 
bia. Meetings in Charleston on first Thursday in 
November, also at time and place of South Caroling 
State Medical Association. 


TENNESSEE 
Memphis Roentgen Club.—Chairmanship rotates 
monthly in alphabetical order. Meetings second Tues- 
day of each month at University Center. 
Tennessee Radiological Society.—Secretary-Treasurer, 
Franklin B. Bogart, M.D., 311 Medical Arts Bldg., 
Chattanooga. Meeting annually with State Medical 
Society in April. 

TEXAS 

Texas Radiological Society.—Secretary-Treasurer, L. W. 
Baird, M.D., Scott and White Hospital, Temple. 

VIRGINIA 
Virginia Radiological Society.—Secretary, Charles H. 
Peterson, M.D., 603 Medical Arts Bldg., Roanoke. 


WASHINGTON 
Washington State Radiological Society.—Secretary-Treas- 
urer, Kenneth J. Holtz, M.D., American Bank Bldg., 
Seattle. Meetings fourth Monday of each month at 
College Club, Seattle. 


WISCONSIN 
Milwaukee, Roentgen Ray Society.—Secretary-Treasurer, 
Irving I. Cowan, M.D., Mount Sinai Hospital, Mil- 
waukee. Meets monthly on first Friday at the Univer- 
sity Club. 
Radiological Section of the Wisconsin State Medical 
Society.—Secretary, Russel F. Wilson, M.D., Beloit 
Municipal Hospital, Beloit. Two-day annual meet- 
ing in May and one day in connection with annual 
meeting of State Medical Society, in September. 
University of Wisconsin Radiological Conference.— 
Secretary, E. A. Pohle, M.D., 1300 University Ave., 
Madison, Wis. Meets every Thursday from 4 to 5 
P.M., Room 301, Service Memorial Institute. 


CANADA 


Section on Radiology, Canadian Medical Association.— 
Secretary, W. J. Cryderman, M.D., Medical Arts 
Bldg., Toronto. 

Section on Radiology, Ontario Medical Association.— 
Secretary, W. J. Cryderman, M.D., 474 Glenlake Ave- 
nue, Toronto. 

Canadian Association of Radiologists —Honorary Secre- 
tary-Treasurer, A. D. Irvine, M.D., 540 Tegler Bidg., 
Edmonton, Alberta. 

La Société Canadienne-Frangaise d’Eléctrologie et de 
Radiologie Médicales—General Secretary, Origéne Du- 
fresne, M.D., Institut du Radium, Montreal. Meet- 
ings are held the third Saturday of each month, gen- 
erally at the Radium Institute, 4120 East Ontario 
Street, Montreal; sometimes, at homes of members. 


CUBA 


Sociedad de Radiologia y Fisioterapia de Cuba.—Offices 
in Hospital Mercedes, Havana. Meetings are held 
monthly. 





ABSTRACTS OF CURRENT LITERATURE 





ROENTGEN DIAGNOSIS 


Hawiey, SypNEY J. Correlation of X-Ray and 
Autopsy Observations 


The Head and Neck 


arxins, W. L. Radiation and Surgical Treat- 
ment of Malignancy in the Paranasal Sinuses 


The Chest 

SHAMASKIN, ARNOLD. The Inspissated Cavity. . 

RitaNce, ARNOLD B., AND WARRING, FREDERICK 
C., Jz. Pneumoperitoneum Supplementing 


Phrenic Paralysis. EROS 
BiscuorrF, L. ‘‘Armored Heart’’ with Secondary 


Stasis. 


The Digestive Tract 
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ROENTGEN DIAGNOSIS 


Correlation of X-Ray and Autopsy Observations. 
Sydney J. Hawley. Pennsylvania M. J. 44: 1534- 
1537, September 1941. 

A study was made of 261 patients that came to 
autopsy, who had previously had various roentgen 
examinations. From the roentgenologist’s point of 
view the correlation was gratifyingly high. No errors 
were detected in the following conditions: normal 
lungs, silicosis, passive congestion, atelectasis, car- 
cinoma of the bronchus, mediastinal metastasis, 
pneumothorax, diaphragmatic elevation, drowned 
lung, mediastinitis, substernal thyroid, and sarcoid. 
Most of these conditions are so obvious that no errors 
should be made. 

A number of the so-called errors of diagnosis were in 
cases where a definite diagnosis could not possibly 
have been reached. The majority were those of inter- 
pretation of the significance of the shadows. Many 
such errors can be eliminated by closer consideration 
of the clinical findings in any given case, and more fre- 
quent use of repeat and serial examinations. These 
additional roentgen-ray studies would also increase the 
specificity of roentgen interpretation. 

The author concludes: “It appears that the x-ray 
examination leaves only little to be desired in the way 
of antemortem representation of gross morbid as well 
as normal anatomy.” Joserpu T. Danzer, M.D. 


THE HEAD AND NECK 


Radiation and Surgical Treatment of Malignancy in 
Paranasal Sinuses. W.L. Atkins. New Orleans M. 
& S. J. 94: 19-23, July 1941. 

The paranasal sinuses are the seat of a wide variety 
of tumors. The maxillary sinus is the most frequent 
site, followed by the ethmoid. “The sphenoid and 
frontal sinuses are involved by extension, but frontal 
involvement is rare. 

The choice of treatment of malignant neoplasms of 
the sinuses is based on the histologic nature of the 
growth. Tumors of highly cellular, anaplastic, em- 
bryonic type, that tend to metastasize quickly, as a 
rule respond poorly to surgery. It is in these types, 
therefore, that reliance is placed upon x-ray and radium 
therapy. Individualization of treatment is important 
and a decision must be made in each case as to whether 
cure or merely palliation is to be attempted. Close 
co-operation between the radiologist and surgeon is of 
paramount importance. 

Some anaplastic tumors, lympho-epithelioma and 
Schneiderian carcinomas, are very radiosensitive and 
are successfully treated by x-radiation alone. They 
metastasize early, and the lymph drainage areas should 
be treated as intensively as the primary lesion, which 
is often very difficult to locate. 

The slower growing carcinomas of the maxillary 
sinus are usually best treated by a preoperative course 
of x-ray therapy. Small multiple portals of entry are 
employed to utilize the crossfire radiation technic; 
the dosage is fractionated and treatment continued to 
skin tolerance. A total dosage of 2,000 to 2,500 r in 
air can safely be employed. This usually causes 
shrinkage of the tumor and after two or three weeks 
it can be removed with its bony extensions. Radium 
is applied at the time of the operation, packed in place 
with gauze, or later embedded in Stent or a Columbia 
paste mold. Filtration should be 1 mm. of platinum 
and dosage should be 3,000 to 4,000 milligram hours. 
The author has used platinum capsules but others have 
reported good results with radon seeds. The impor- 
tance of radical removal of the tumor and of all invaded 
bone is stressed. Radiation cannot be expected to kill 
epithelial cells that have invaded the bone. 


The author does not report his own results but con- 
cludes that the outlook in malignant tumors of the 
sinuses is grave, even in early cases. The late Cases 
are almost always hopeless. : 


THE CHEST 


The Inspissated Cavity. Arnold Shamaskin. Am 
Rev. Tuberc. 44: 310-322, September 1941. 

The significance of the inspissated cavity is discussed 
and cases are presented to illustrate the evolution 
behavior, and ultimate fate of this type of lesion 
The only conclusive proof of a blocked inspissated 
cavity is a series of roentgenograms in which an area 
of decreased density in an earlier film shows in a subse- 
quent film a fluid level, still later to be replaced by a 
homogeneous density occupying the same anatomical 
area of the lung field. If the changes occur in the 
reverse order, the proof is less conclusive, since the 
shadow may have represented a caseous broncho- 
pneumonic focus which has become excavated. 

An inspissated cavity appears on the x-ray film as 
a racket-shaped or circular shadow of more or less homo- 
geneous density which is quite sharply demarcated 
from the surrounding lung tissue. The lung in the im- 
mediate vicinity of the shadow as a rule, but not in- 
variably, is relatively clear or at least free from exten- 
sive progressive disease. The density of the shadow 
is similar to that of an area of caseous bronchopneumonia 
of the same dimension. Linear markings may be 
traced running from the pole of the inspissated cavity 
nearest the mid-line to the hilum of the lung. These 
apparently represent the draining bronchi. In most 
cases evidences of tuberculosis, past or present, in 
other parts of the lung are found. Coincidentally 
with the conversion of the area of decreased density 
into an area of increased density and the absorption 
of exudate around it, the clinical picture is that of a 
state of retrogression or arrest except in the presence of 
a progressive lesion elsewhere. 

Inspissated cavities, especially when isolated, may 
resemble neoplastic metastases, but the latter are fre- 
quently multiple, and there is usually evidence of the 
primary lesion elsewhere in the body. No connection 
with the bronchial tree can be seen, and the lung is not, 
as a rule, the seat of an older tuberculous lesion. A 
benign neoplasm, a cyst, or a chronic pulmonary 
abscess may also be indistinguishable from an in- 
spissated cavity. 

The treatment of the inspissated cavity will depend 
upon its behavior and upon the condition of the rest of 
the lung. If it shows a tendency to open and close 
alternately, it should be treated, like any other cavity, 
by collapse therapy. If it shows no tendency to re- 
open, if the rest of the lung is either clear or shows 
healed lesions, and the patient presents no clinical or 
other evidences of activity, a watchful policy is best. 
It is important to make a distinction between cavity 
blockage with inspissation of content and cavity 
blockage with sputum retention, since the latter cases 
are characterized by sudden reduction or complete 
suppression of sputum accompanied by severe cough, 
chest pain, marked elevation of temperature, and other 
symptoms of toxemia. Lester W. Paut, M.D. 


Pneumoperitoneum Supplementing Phrenic Paraly- 
sis. Arnold B. Rilance and Frederick C. Warring, 


Jr. Am. Rev. Tuberc. 44: 323-334, September 1941 
An analysis is given of results obtained where pneu- 
moperitoneum has been used to supplement phrenic 
paralysis in the treatment of pulmonary tuberculosis 
Pneumoperitoneum is slightly more difficult tech- 
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nically to administer than pneumothorax but has been 
found to be a safe procedure; it causes no more discom- 
fort or inconvenience than pneumothorax and can be 
maintained in ambulatory patients. Of a series of 55 
patients in whom pneumoperitoneum was induced to 
supplement phrenicectomy, slightly more than 50 per 
cent showed roentgenologic evidence of closure of 
cavity and in slightly less than 50 per cent either the 
sputum became negative or residual positive sputum 
could be explained by demonstrable bronchial ulcers. 
In 18 of the cases (33 per cent) pneumoperitoneum 
was abandoned because of insufficient additional rise 
of the diaphragm. Elevation of the hemidiaphragm 
in mechanically effective cases averaged 2.8 cm. after 
phrenicectomy. Additional elevation following pneu- 
moperitoneum averaged 4.1 cm. The authors believe 
that the combined procedures are of definite value 
when indicated. In cases unsuitable for phrenic 
paralysis in the first place, there is rarely much benefit 
derived from supplementary pneumoperitoneum. 
LesTteR W. Paut, M.D 


“Armored Heart’’ with Secondary Stasis. L. Bis- 

choft. Schweiz. med. Wchnschr. 71: 1074, Sept. 13, 
1941. 
Brief report of a case of extensive pericardial calci- 
fication in a man of 62, which by preventing the ex- 
pansion and dilatation of the heart led to stasis in the 
vena cava with symptoms of a pseudocirrhosis and 
ascites. Other members of the family had died of 
conditions with edema. The author was considering 
the possibility of operation in spite of the patient's age 
as the general and cardiac conditions were otherwise 
satisfactory. Roentgenograms illustrating the cal- 
cification are reproduced. Lewis G. Jacoss 


THE DIGESTIVE TRACT 


Ross 
Golden. J. A. M. A. 117: 913-917, Sept. 13, 1941. 

The author reviews the observations which have 
been made on the small intestine in a series of more 
than 100 cases in which some deficiency condition ap- 
peared to play either a major or a minor part. De- 
ficiency states may conveniently be divided into two 
groups, primary and secondary. A primary de- 
ficiency is one which occurs without obvious cause, in 
which a chronically deficient diet may be a factor, 
¢g., sprue or pellagra. A secondary deficiency is one 
which is associated with, or perhaps caused by, recog- 
nizable disease of the alimentary tract, such as cancer 
or regional enteritis. 

To demonstrate abnormalities in the small intestine 
the author makes what he terms a “‘small intestine 
study.” Roentgenograms of the abdomen are taken 
at approximately half-hourly intervals after the in- 
gestion of a barium sulfate suspension in the morning 
during fasting; 4 ounces of chemically pure barium 
sulfate in physiologic solution of sodium chloride made 
with distilled water are used. Films are developed 
and inspected immediately, and the routine is modified 
if it seems advisable. A series is concluded within 
five or six hours, occasionally sooner. 

The abnormalities of the small intestine associated 
with vitamin deficiency appear to vary with the severity 
and duration of the disorder. Improvement in the 
roentgen appearance under treatment usually lags 
behind the clinical improvement. 

The following observations are made. 

Hypermotility: In the earlier stages of the deficiency 
the barium sulfate may reach the lower part of the 
small intestine in a quarter of an hour and enter 
the cecum in less than half an hour. Sometimes the 
Jejunum alone shows marked hypermotility. 

Hybertonicity: Reduction of the lumen to one-half, 
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one-fourth, or even less, is often noted in the earlier 
Stages. Relaxation ahead of the wave of contraction 
is sometimes absent. 

Hypomotility: This is noted in the more advanced 
stages. 

Hypotonicity (Dilatation): Dilated loops are char- 
acteristically seen in the well advanced stages, usually 
called non-tropical sprue and adult celiac disease. 

Abnormal Segmentation: Areas of spasm of variable 
length narrow the lumen in places, sometimes com- 
pletely expelling the opaque material from the con- 
tracted area and giving the appearance of discrete 
masses. Movement back and forth is often seen, with 
little forward progression of the barium. Segmentation 
is usually more pronounced in the middle third of the 
intestine and in the less advanced stages of the condi- 
tion. 

Scattering Effect: In some cases, as the main masses 
of barium sulfate pass along, small irregular masses 
linger behind. These shadows remain for some time 
scattered along the course of the intestine, usually in 
the upper loops. This effect seems to be due in part 
to a disturbance in the function of the circular muscle 
and in part to a disturbance in the movement of the 
mucosa which depends on the muscularis mucosae. 

Gas and Fluid Levels: Gas may be present in con- 
siderable amounts. Gas and fluid levels may even 
suggest ileus (Kantor). 

Mucous Membrane: The mucosal folds may be 
greatly reduced in number or may be completely 
obliterated. Sometimes they are “exaggerated.” 

The abnormal motility phenomena—segmentation 
and changes in tone and motility—are thought to be 
due to defective response of the longitudinal and cir- 
cular coats of the tunica muscularis to the normal 
stimulus of intestinal contents. Abnormalities in the 
mucosal contours must be attributed to inability of 
the muscularis mucosae to respond as usual to normal 
stimuli. 

Except in cases of the most advanced, severe vitamin 
deficiency appropriate treatment is followed by im- 
provement in the function of the small intestine, as 
manifested by roentgen examination. In some cases 
the patient may recover completely as far as symptoms 
are concerned, but persistent abnormalities may re- 
main in the middle loops. 

Slow emptying of the stomach is frequently found 
in well marked primary deficiency states. The author 
has observed it also in some early cases and has found 
that it disappears promptly following vitamin therapy. 

In fatal cases, atrophy of the tunica muscularis and 
of the mucosa, edema, round-cell infiltration and 
fibrosis of the submucosa and ulceration have been de- 
scribed. Degeneration of nerve cells in both the 
myenteric and the submucosal plexuses has also been 
found. 

The changes described in the roentgen appearance of 
the small intestine in cases of vitamin deficiency occur 
in other conditions as well, the most important being 
diseases associated with hypoproteinemia (e.g., neph- 
rosis) and with disorders of the liver. The intestine 
of the normal newborn infant also shows a typical 
“deficiency pattern.’’ The author suggests a possible 
common mechanism for these phenomena and names 
the intramural nervous system as a possible, if not the 
most probable, medium through which these effects 
are produced. 

It must be borne in mind (1) that a deficiency state 
often exists with other organic disease, (2) that the 
demonstration of a ‘‘deficiency pattern’’ does not rule 
out other organic disease, (3) that the symptoms of a 
deficiency state may be obscured by those of the 
primary organic disease, e.g., peptic ulcer, and (4) that 
the symptoms of a deficiency state may be the only 
manifestation of the underlying organic disease, ¢.g., 
diffuse lymphosarcoma of the intestine. From the 
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clinical standpoint, it seems to be agreed that the 
whole vitamin B complex is necessary to relieve the 
abdominal symptoms. 

The differentiation of the various fundamental causes 
of abnormalities of the small intestine is impossible 
at present. For this reason the demonstration of the 
described changes on roentgen examination can be 
taken only as suggesting certain possibilities. In the 
author’s cases the most common cause appears to be 
a vitamin B deficiency. Evidence of this is the clinical 
relief with the parenteral or the oral administration of 
liver extract or the vitamin B complex. It is con- 
sidered possible, however, that under certain circum- 
stances the less marked forms of the ‘‘deficiency 
pattern” might be due to allergy. 

The described changes can be taken as strong 
evidence of a nutritional disturbance, usually one in 
which vitamin deficiency plays a part but which might 
be due to hepatic disease or primarily to hypoprotein- 
emia. One case is cited in which changes progressed 
to severity in spite of oral administration of the vitamin 
B complex, only to regress rapidly toward the normal 
after the institution of parenteral vitamin therapy. 
Investigation of another case showing moderate 
changes in the small intestine led to the discovery of 
the presence of multiple myeloma. In spite of the 
non-specificity of these intestinal disturbances, they 
are proving helpful in the search for the cause and 
relief of obscure abdominal symptoms. It is worthy 
of emphasis that knowledge of the physiology of the 
small intestine is at present incomplete. 

[In connection with this paper the reader will find 
the Carman Lecture, delivered by the author before the 
Radiological Society of North America, of interest 
(Radiology 36: 262, 1941), especially as it includes a 
review of the normal anatomy and physiology of the 
small intestine.—Ep.] CLARENCE E. Weaver, M.D. 


Tumefactive Lesions of the Small Intestine. C. 
Allen Good. J. A. M. A. 117: 923-926, Sept. 13, 1941. 

The granulomas or non-neoplastic tumefactions of 
the small intestine are due in most instances to chronic 
non-specific enteritis or to tuberculosis. Those caused 
by other inflammatory conditions are extremely rare 
The most frequently encountered benign blastomas 
are leiomyoma and adenoma. Most important of the 
malignant neoplasms is adenocarcinoma; leiomyo- 
sarcoma, fibrosarcoma, and lymphoblastoma also occur. 

Two methods for the examination of the small in- 
testine are available. Examination of the terminal 
portion of the ileum, the site of the majority of the non- 
neoplastic tumefactions, may be accomplished at the 
time of the administration of a barium sulfate enema. 
Reflux of the opaque solution into the ileum permits a 
satisfactory examination of this portion of the bowel. 
The remainder of the small intestine is examined best 
by means of the opaque meal. Frequent roentgeno- 
scopic observations should be made in addition to the 
customary roentgenograms. 

Tumefactive lesions of the small intestine usually 
manifest themselves roentgenologically in one or more 
of three ways: by producing a ‘‘filling defect,”’ by 
obstruction, by intussusception. 

The deformity, or ‘‘filling defect,’”’ produced by a 
tumefactive lesion may be marginal, encircling, or 
central. An analysis of the morphologic features of 
this deformity often leads to an accurate estimation 
of the histologic type. 

The gross pathologic features of tuberculosis and 
non-specific enteritis of the small intestine are strikingly 
similar. Roentgenologically they are characterized by 
involvement of fairly long segments of bowel. The 
deformity produced is that of constriction of the lumen. 
Demarcation between involved and uninvolved intes- 
tine is gradual. The mucous membrane may or may 
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not be destroyed by ulceration and the mucosal pattern 
correspondingly changed. The presence of an extra 
alimentary focus of tuberculosis is an aid in the dif. 
ferentiation between non-specific enteritis and tuber. 
culosis of the bowel. : 

In contradistinction to the long deformity Produced 
by an inflammatory process, that caused by a neo- 
plasm is relatively short and sharply demarcated in 
the long axis of the bowel. This is true whether the 
neoplasm is benign or malignant. It must be em- 
phasized, however, that there are no reliable roentgen 
signs of benignancy once the diagnosis of blastoma is 
established. 

The various benign neoplasms of the small intestine 
exist chiefly as pedunculated intraluminal growths or 
as intramural submucous nodules. All may cause 
intussusception, and when such is the case they exhibit 
no characteristic features by which they may be dis. 
tinguished. J 

Pedunculated intraluminal tumors produce central 
filling defects in the column of the opaque meal. As 
they grow larger they tend to cause partial obstruction. 
Adenoma, leiomyoma, lipoma, and fibroma are the 
most important varieties. 

Intramural, submucosal tumors exhibit marginal de- 
fects with smooth contours. The mucosal pattern is 
often preserved. The most common tumor in this 
category is leiomyoma, and this type of growth may 
be suspected when the marginal defect contains a 
central niche characteristic of ulceration. These 
tumors are prone to break down, ulcerate, and bleed 
while remaining small in size. 

Chief among the diagnostic signs of malignancy is 
the obliteration of the mucosal pattern throughout 
the extent of the lesion. The deformity is short and 
sharply limited; it may be marginal or encircling. 
The demarcation of the involved area is abrupt. The 
involved segment is stiffened. The luminal aspect of 
the tumor is marked by rough, jagged contours. There 
may be partial or complete obstruction, and in rare 
instances intussusception. The most common malig- 
nant tumor which involves the small intestine is 
adenocarcinoma. This usually produces an annular 
or polypoic defect in the barium column. Partial 
obstruction with dilatation of the bowel aborally is 
common. 

The various forms of sarcoma, because they arise 
from tissues beneath the mucous membrane, cannot 
be distinguished from their benign counterparts until 
such a time as the lesions, because of their size, rapid 
growth, or tendency to infiltrate, exhibit the roent- 
genologic characteristics of malignancy. 

It is emphasized that the frequency with which 
lesions of the small intestine are located and identified 
depends solely on the care taken by the examiner while 
viewing and manipulating all segments of the bowel 
during roentgenoscopy. 
CLARENCE E. WEAVER, M.D. 


Postoperative Dys- 
James C. McCann. 
Surg., Gynec. & Obst. 72: 707-721, April 1941. 

The author believes that omental adhesions produce 
a distinct clinical syndrome quite separable from the 
ill-defined category of postoperative adhesions m 


Omental Adhesions Syndrome. 
function of the Transverse Colon. 


general. This syndrome is based on dysfunction of the 
transverse colon induced by the pathologically fibrosed 
adherent omentum fixed under tension to a low ab- 
dominal incision. The symptoms are of three types: 
(1) reflex, consisting of epigastric distress after eating, 
nausea, regurgitation, and eventually vomiting; (2) 
symptoms referable to the colon, which appear to 
dominate the picture, namely, attacks of sharp colicky 
pain, intractable constipation, distention, pam ac- 
companying bowel movements whether spontaneous Or 





ABSTRACTS OF CURRENT LITERATURE 


Vol. 38 


induced by an enema, and relief after dejection; (3) 
peritoneal symptoms, chiefly discomfort or colicky 
pain due to constant tension and intermittent traction 
on the colon as a result of physical exertion. The 
general clinical picture may be one of explosive onset 
of symptoms, suggesting an acute abdominal emergency 
but gradually abating, one of chronic recurrent colic, 
or one of repeated attacks of apparent subacute intes- 
tinal obstruction with no roentgenologically demon- 
strable cause. are ne : , 

Postoperative omental fixation is not necessarily 
productive of symptoms. Where, however, the ad- 
herent omentum undergoes progressive fibrosis and 
shortening, displacing the colon, dysfunction ensues 
with the production of the syndrome described. In 
0 of a series of 23 consecutive cases encountered by 
the author over a period of seven years complete 
preoperative and postoperative roentgen studies were 
made, yielding evidence of colonic dysfunction in 14 
or 70 per cent. Integration of the clinical, roent- 
genologic, and physiological data explain the dys- 
function as due to the irritating effect of the omental 
adhesions on the colon, enhanced by the stimulus of 
normal functional activities. Roentgenograms taken 
when traction was purposely produced on the colon via 
the omentum showed spasm which was not present 
in the absence of traction; 30 per cent of the pre- 
operative roentgenograms showed dilatation and 
diminishing haustrations, called ‘‘colitis’”; 20 per cent 
showed a toneless elongation of the transverse colon 
which disappeared following release of the adhesions, 
apparently from restored tone; 30 per cent showed 
heightened irritability as manifested by local or seg- 
mental spasm or general hyperperistalsis; 25 per cent 
showed evidence of delayed emptying of the colon; 
15 per cent showed late retrograde transport of barium. 

The syndrome occurs predominantly in women. 
In the author’s series infection did not seem to play 
an impressive role, though Muller and Rademaker 
(Arch. Surg. 26: 208, 1933) regarded this as an im- 
portant factor in postoperative adhesions. 

Measures for prevention of omental adhesions are of 
the first importance. Treatment consists in their 
surgical release, with appropriate methods to prevent 
recurrence. Surgical failures, however, are not un- 
known. 

An illustrative case is reported and numerous roent- 
genograms are reproduced. 


Polyps of the Rectum and Colon in Infants and in 
Children. Roger L. J. Kennedy. Am. J. Dis. Child. 
62: 481-488, September 1941. 

During the years 1925 to 1940, inclusive, at the Mayo 
Clinic, 49 infants and children with polyps of the 
rectum and colon were observed. Nearly half of the 
patients were four to six years old. Thirty were boys 
and nineteen were girls. Blood in the stool was the 
most frequent symptom, occurring in 43 of the 49 
patients. Other symptoms in the order of occurrence 
were protruding mass, abdominal pain, diarrhea, and 
mucus in stool. A small group was symptomless or 
showed other evidence of the disease. The majority 
of patients were seen after symptoms had been present 
for six months to three years. 

Roentgen examination in addition to proctoscopy 
was carried out in 32 of the 49 cases. Three patients 
had diffuse polyposis and 2 patients had pseudo- 
polyps accompanying colitis. The remaining 27 
Patients had one to seven polyps distributed as follows: 
es only, 15; colon only, 4; both rectum and colon, 


_ Treatment was principally by fulguration, although 
gation, excision, and resection were employed in some 
cases. One patient also received x-ray therapy. No 
treatment was given in 9 cases, including 2 of diffuse 
polyposis. 
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Tissue for pathological examination was obtained in 
18 cases, 10 of which showed varying degrees of malig- 
nancy. 

The authors conclude that all patients with rectal 
polyps should be carefully examined roentgenologically 
for polyps in the colon, and that all adenomatous 
polyps, except those found in certain cases of ulcera- 
tive colitis, have carcinomatous potentialities and 
should therefore be removed or destroyed. 

GeorceE M. Wyatt, M.D. 


Foreign Bodies in the Biliary Tract: Report of Case 
with Tabular Review of Literature. Fred H. Bowen. 
Arch. Surg. 43: 458-461, September 1941. 

A report of a case in which 2 inches of a No. 20F 
catheter broke off in the common duct after a chole- 
cystectomy. Four years later a recurrence of symp- 
toms led to reoperation; the catheter, covered with and 
occluded by calcareous deposits, was removed and the 
patient recovered. Eight other cases found in the 
literature are tabulated for comparison. 

Lewis G. Jacoss, M.D. 


Postoperative Cholangiography. N. F. Hicken, 
Q. B. Coray, and J. F. Orem. Rocky Mountain M. J. 
38: 709-713, September 1941. 

In the opinion of the authors, the postoperative 
cholangiogram determines the patency of the bile 
ducts, measures the degree and rapidity of ductal 
repair, and designates the proper time for removal 
of the drainage tubes. 

Such intraductal lesions as ‘“‘elusive gallstones,” 
plugs of inspissated mucus, blood clots, detached frag- 
ments of liver, strictures, neoplasms, and compressive 
occlusion from an inflamed and swollen pancreas, 
have been brought to light by means of cholangiograms. 
In cases in which postoperative jaundice had developed 
and in which it was feared that the common duct might 
have been traumatized or ligated the cholangiogram 
demonstrated the duct to be patulous. 

It is generally assumed that the spontaneous closure 
of an external biliary fistula is ample proof that the 
common bile duct harbors no obstructive lesion. 
When the sinus tract formed by the removal of the 
drainage tube heals, the surgeon feels that his work 
has been successfully accomplished. Recently the 
authors have obtained cholangiographic evidence which 
contradicts these concepts. In three different patients 
the external biliary fistula healed spontaneously in 
spite of the fact that the cholangiograms outlined 
calculi which werc incarcerated within the ampulla of 
Vater. The obstruction was incomplete. 

The authors’ experience suggests that every patient 
submitting to a cholecystostomy or choledochotomy 
should have a thorough cholangiographic study before 
the drainage tubes are removed. 

The solution found preferable by the authors has 
been diodrast 70 per cent. Removal of gas from the 
gastro-intestinal tract by gentle catharsis or enemas 
facilitates examination. With the patient supine, the 
area from the fourth thoracic vertebra to the fourth 
lumbar is used for centering. In asthenic patients the 
tube is angled to the right so as to avoid superimposing 
the common duct shadow on the spine. Films may be 
made at the bedside or on the operating table with a 
portable unit. 

The diodrast is heated to body temperature. The 
amount injected varies from 15 c.c. to 125 ¢.c. Fluor- 
oscopy is often desirable, though not necessary. 

If a first film shows the solution to have escaped 
into the duodenum without outlining the hepatic 
ducts the procedure is repeated. This time counter 
pressure is made over the ampulla of Vater, thus oc- 
cluding the outlet of the common duct and forcing the 
fluid proximally. In general, fluid is injected until 
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some discomfort suggesting increased intraductal pres- 
sure is complained of by the patient. 

If the films reveal an obstruction of the common duct, 
serial films are taken at ten-minute intervals. At 
times there will seem to be an ampullary obstruction 
but subsequent films reveal the sphincter of Oddi to 
be open, for the contrast medium is seen in the jejunum. 
This means that there was a temporary contraction 
of ductal sphincter, biliary dyssynergia, which blocked 
the choledochus, but as soon as it relaxed the diodrast 
passed into the duodenum. In all cases in which an 
ampullary obstruction is encountered, a tablet of 
nitroglycerine, 0.01 grain, is placed under the tongue 
and another film taken. Sphincterismus may thus be 
ruled out. Percy J. DeELANo, M.D. 


THE SKELETAL SYSTEM 


Varus Deformity of Ankle Following Injury to Distal 
Epiphyseal Cartilage of Tibia in Growing Children. 
Gerald G. Gill and Leroy C. Abbott. Surg., Gynec. & 
Obst. 72: 659-666, March 1941. 

The authors attribute varus deformity of the ankle 
to a specific injury of the medial malleolus, namely, the 
fracture-separation which may follow adduction in- 
juries in growing children. Premature cessation of 
growth in the medial portion of the distal epiphyseal 
plate of the tibia as a result of such injury, while growth 
from the uninjured lateral portion continues, produces 
the varus deformity with shortening of the tibia 
The mechanism whereby this occurs is explained and 
a case in a 15-year-old boy is recorded to illustrate the 
problems presented and their solution. 

The injury in the case reported occurred five years 
earlier, and progressive deformity had been present for 
three years. Operation, carefully planned by means 


of x-ray films and dissections on the cadaver, consisted 


in first lengthening the tendons of the tibialis anticus, 
extensor hallucis, and extensor digitorum communis, 
and the Achilles tendon, followed by a very low, 
oblique osteotomy passing through the region of de- 
formity distally and laterally and wedged open on the 
medial side, the wedge being filled with flakes of can- 
cellous bone obtained from the ilium. A specially de- 
vised lengthening apparatus was then applied. Within 
a month full correction had been obtained but traction 
was continued for another month. A cast was then 
applied while the foot was still in the apparatus 
and a walking iron furnished support for about two 
months longer. Teleroentgen examination at the end 
of this period—four months after operation—showed 
a lengthening of the medial side of the tibia by three- 
fourths of an inch. Meantime there had been slight 
growth of the uninvolved tibia. In order to minimize 
the difference in length of the two extremities, which it 
was thought might increase with growth, a second 
operation was undertaken to close the upper epiphyses 
of the tibia and fibula of the normal left leg, but some 
doubt is expressed as to the effectiveness of this meas- 
ure in the present case, as the skeletal maturation was 
already rather far advanced. 

The patient was last seen fourteen months after 
operation, at which time correction had been main- 
tained and he had full use of the foot and ankle, even 
to the extent of participating in such active sports as 
football and basketball. 

While a good result was obtained in this case in spite 
of the long neglect, the authors urge repeated radi- 
ological check-ups of all fresh fractures through the 
medial portion of the distal epiphysis of the tibia, and 
the application of simple corrective procedures at the 
first evidence of deformity. An area of fusion between 
the medial malleolus and the diaphysis, with disap- 
pearance of the clear area occupied by the epiphyseal 
cartilage plate, is the earliest sign of trouble. At this 
time simple fusion of the lateral growing portion of the 
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distal epiphysis of the tibia and the distal epj ; 
the fibula of the affected leg will result in dan! 
as the other joints of the foot can easily compensn 
for the minor tilt already present. Attendant fasion 
of the distal epiphyses of the tibia and fibula of the 
normal leg will then assure practical equality in the 
length of the legs at full growth. In this manner 
the patient will be saved not only the discomfort of 
the developing deformity but a major operative pro- 
cedure in the future. 


Arthrograms of Hip Joints of Children. Erik Severin 
Surg., Gynec. & Obst. 72° 601-604, March 1941. 

To the comparatively meager literature on hip 
joint arthrography the author adds a study of the 
arthrograms of hips of normal children and of speci- 
mens from infants stillborn at full term. The speci- 
mens, prepared by injection of a mixture of cinnabar 
and celloidin, were examined roentgenographically 
and subsequently dissected for comparison with the 
roentgen films. 

Arthrograms are reproduced showing the ribbon-like 
collection of contrast medium around the neck of the 
femur; the circular impression produced medial to 
this by the “orbicular zone’’; and in the upper part 
of the joint the impression by the ‘‘fibrocartilaginous 
limbus,”’ which the author likens to a ploughshare 

Normally the quantity of contrast medium between 
the femoral head and the acetabulum is very small, ex- 
cept medially. Here the contrast material is collected 
partly in the fossa acetabuli—i.e., medial to the 
ligamentum transversum—partly in the relatively 
generous capsule pocket, which is to be found im- 
mediately outside the ligamentum transversum. The 
pointed fibrocartilaginous limbus merges into the 
ligamentum transversum at the incisura acetabuli, 
Sectionally the ligamentum transversum is rounded, 
and on account of its extension mainly in a dorsoventral 
direction seems, in pictures taken in a dorsoventral 
plane, to appear in the contrast medium as a rounded 
impression. 

The quantity of contrast medium which lies in the 
fossa acetabuli and which forces its way down medial 
to the ligamentum transversum, is parted at its lower 
tip into two prongs—a ventromedial and a dorsolateral, 
the anatomical foundation of which are the two 
pouches which are designated by the author as recessus 
ventralis fossae acetabuli and recessus dorsalis fossae 
acetabuli. 

In cases of congenital dislocation of the hip, one or 
more of the arthrographic details noted may be dis- 
torted or obliterated through more or less extreme 
secondary changes. 


Fractures of Both Bones of the Forearm in Children. 
Boardman M. Bosworth. Surg., Gynec. & Obst. 72: 
667-669, March 1941. 

In a period of seven years 50 children of sixteen 
years or less were treated in the outpatient department 
of St. Luke’s Hospital (New York) for shaft fractures 
of both bones of the forearm. Thirty-two of these 
were traced, being followed for periods varying from 
a year and five months to over seven years. Twenty- 
five of the 32 were treated by closed reduction with ex- 
cellent anatomical and functional results in 21, and 
good or fair results in the other 4. So satisfactory are 
the results of such conservative treatment that opera- 
tion need seldom be resorted to. The present series 
of 50 cases includes 4 open reductions, which the author 
admits is too high an operative rate. All these patients 
were followed. Satisfactory results were obtained im 
3 cases and a good clinical result in the fourth despite 
a non-union and pseudarthrosis of the ulna. Roent- 
genograms are reproduced to show some of the results 
obtained. 
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John T. Hodgen and Charles 


ile Kyphosis. 
jal a Gynec. & Obst. 72: 798-806, 


H. Frantz. Surg., 


April 1941. ’ 
Juvenile kyphosis occurs as the result of abnormal 


functional demands upon a normal or abnormal back 
or, in a small group of cases, as the result of normal 
functional demands upon an abnormal back. It is 
of more frequent occurrence in girls, of the asthenic 
type, with onset usually at ten or eleven years of age. 
While there is much controversy as to the pathology, 
the authors summarize the situation with the statement 
that “destruction of the growth zone or epiphyseal 
cartilage zone may be caused by herniations of the 
intervertebral disc with resultant decrease in growth 
anteriorly in the vertebral body. While we have seen 
clinical kyphosis in the adolescent without radiological 
evidence of nuclear prolapse and again multiple nuclear 
herniations without kyphosis, we are sure that the 
nuclear herniations and cessation of growth of the body 
anteriorly are important considerations in the develop- 
ment of juvenile kyphosis.” 

Poor posture and pain in the back or fatigue are the 
chief complaints. The back is rounded, with limited 
mobility, and the head is carried forward, thus accen- 
tuating the arcuate curve of the dorsal spine. The 
roentgen criteria necessary for diagnosis are (1) an 
increased dorsal curve; (2) wedging of the vertebral 
bodies due to arrested growth anteriorly; (3) dimin- 
ished intervertebral disc space; (4) saw-toothed ser- 
rations of the anterior borders of the vertebral bodies; 
(5) nuclear herniations into the vertebral bodies; (6) 
paravertebral thickening along the lateral borders of 
the spine in the affected area. In the late stages one 
may see secondary arthritic changes. The close ap- 
proximation of the vertebral bodies resulting from the 
collapsed disc may allow bridging. Lipping of margins 
may develop. 

Treatment consists in rest, physiotherapy, and tem- 
porary spinal supports, and is important if permanent 
deformity and chronic backache in later life are to be 
avoided 


John G. Sinclair, 


Congenital Lumbosacral Defect. 
Arch. Surg. 43: 


Norman Duren, and J. C. Rude. 
473-478, September 1941. 

Two cases are recorded, one in a 9-year-old boy and 
one in a 60-mm. fetus, in which complete agenesis of the 
lumbar spine, sacrum, and coccyx was observed.’ In 
the living child neurological and muscular defects in 
the lower extremities were also present. The two ilia 
articulated, as did also the twelfth ribs. The authors 
believe this defect is due to faulty intervertebral planes 
at the time the primordia of the vertebral bodies are 
laid down. The extensor muscles dislocate the centra 
obliquely, the cartilages compressing the aorta and 
rupturing the muscles and nerves or destroying the 
ventral half of the cord. Lewis G. Jacoss, M.D. 


Radiological Aspect of the Bone Lesions in Myce- 
toma. Alejandro Castanedo K. Rev. de cir. (Mexico) 
13: 33-44, July 1941. 

Madurella mycetomi, the fungus that in man causes 
mycetoma, better known as Madura foot, affects other 


parts of the skin as well as the feet. In an essay on 
the localization of these lesions in bones, the author 
States that the roentgen diagnosis is not of great im- 
portance as the complication appears late. He never 
theless believes that the subject has been neglected 
and is entitled to further observation. He quotes from 
other writers and records his own findings. 

s are of three types. In the first group the 
predominating lesions are destructive, forming small 
areas of lesser density bounded by sclerosing osteitis, 
giving the bone a cystic appearance similar to the 
indings in osteitis fibrosa cystica. In this type bone 
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destruction predominates and there is little, if any 
periosteal reaction. The second group shows a marked 
periosteal reaction extending far beyond the site of 
the primary lesion, subperiosteal changes, and ray- 
like projections of bony spicules, similar to those seen 
in osteogenic sarcoma. Although destructive lesions 
occur, the bone does not present the cystic appearance 
of group one. Cases of the third group do not show 
any specific changes. They represent the beginning 
of a process that will correspond at its termination to 
the types previously described. During this stage 
the periosteal reaction with the resulting ray-like 
projections of bone is initiated. 

Osseous infection occurs by continuity. It is there- 
fore logical to suspect that the initial lesion is perios- 
teal, followed by response of the deeper bone tissues 
that form the ray-like projections. As the infection 
progresses, areas of bone destruction will occur that 
eventually are surrounded by sclerosed bone. The 
final roentgen image, therefore, presents a combination 
of the findings in the first and second groups. 

A. Mayorat, M.D. 


Synovial Sarcomas in Joints, Bursae, and Tendon 
Sheaths. A Clinical and Pathological Study of Six- 
teen Cases. Dominic A. De Santo, Robert Tennant, 
and Paul D. Rosahn. Surg., Gynec. & Obst. 72: 
951-981, June 1941. 

Sixteen cases of synovial sarcoma personally ob- 
served by the authors are reported. These tumors 
originate in synovial tissue and are thus found in 
joints, para-articular bursae, and tendon sheaths. 
They may be encapsulated, circumscribed, or diffuse, 
all three of these types being represented in the authors’ 
series. The knee is the most usual site, being involved 
in 9 of the authors’ 16 cases and 18 of a collected series 
of 37. The symptoms are neither striking nor charac- 
teristic. Pain, tumor, dysfunction, and swelling were 
observed, but none of these was invariably present. 

It has been said that x-ray films of synovial sarcoma 
are usually negative, but to this the authors take 
exception. X-ray examination was made in 13 of 
their cases, and in 10 of these a soft part tumor near 
a joint was visualized. In 4 cases the tumor showed 
irregular calcification which facilitated x-ray visualiza- 
tion. In 2 cases the tumor was overlooked on first 
examination but was readily discovered on review of 
the original films. One case showed increased intra- 
articular soft part thickening five years before the 
diagnosis of synovial sarcoma was established, but 
this was not regarded with suspicion. 

Closer attention to soft tissue detail should lead to 
the more frequent diagnosis of these tumors roent- 
genographically. Not unlikely, pneumarthrography 
will improve x-ray diagnosis. In two of this series 
extensive destruction of the bones comprising the knee 
was found without confirmatory x-ray evidence. For 
a more comprehensive review of the roentgenographic 
features of these tumors reference is made to a paper 
by Raymond W. Lewis (Am. J. Roentgenol. 44: 170, 
1940). 

Amputation is the treatment of choice for synovial 
sarcomas, though in localized or encapsulated tumors 
radical excision followed by intensive irradiation may 
be justifiable. In cases thus treated the first evidence 
of recurrence calls for amputation. Eight of the 
authors’ patients received intensive deep x-ray therapy 
after local excision, but none escaped recurrence or 
metastasis. One patient of this group, however, 
lived ten years before death from metastases. 

The authors discuss at length the histologic features 
of these growths and reproduce numerous photo- 
micrographs, as well as roentgenograms. Frequent 
reference is made to Berger’s comprehensive study 
(Am. J. Cancer 34: 501, 1938). 
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Accuracy of Roentgen Estimates of Pelvic and Fetal 
Diameters. A. Louis Dippel and E. Delfs. Surg., 
Gynec. & Obst. 72: 915-922, May 1941. 

This paper seeks to evaluate the precision of several 
of the better known methods of pelvimetry and cephal- 
ometry, with the idea that such an evaluation may lead 
to a wider utilization of these procedures. 

The various methods are described and the authors 
conclude that each has an accuracy which is generally 
adequate for clinical purposes. In their hands the 
Hodges graphic, the precision, and the stereoroentgen- 
ometric methods have proved almost equally good in 
the production of precise estimates of maternal pelvic 
and fetal diameters. The footpoint method has shown 
variations in precision but has very definite possi- 
bilities. The Thoms and the Hodges lateral methods 


for measurement of anteroposterior pelvic diameters 
are generally quite accurate, but correct placement of 
the lead ruler in the former is highly essential to pre- 
cision, and pelvic asymmetry precludes consistent 
precision with either method. The Thoms inlet view 
furnished precise estimates of transverse pelvic di- 
ameters only when the authors were fortunate in ap- 
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proximating the level of the pelvic inlet in the s 
of the posterior external bony landmark 
mathematical procedures for the production of p 
estimates from stereoscopic films taken by a 
precision x-ray machine are given. 


= 


Roentgenological Survey of the Pelvis. Herbert _ 
Thoms and Hugh M. Wilson. Yale J. Biol. & Med 13: 
831-839, July 1941. 7 

The authors present an excellent description of 
present technic in roentgen pelvimetry. The method _ 
is simple, and in daily practice should represent a mink | 
mum of time and inconvenience. Two views are taken: 
(1) a lateral projection of the pelvis with the patient _ 
standing in the upright position, and (2) a Projection — 
of the inlet of the pelvis. In this latter projection the 
inlet of the pelvis is horizontal to the film. 

The authors believe that these two views are essen- 
tial for complete evaluation of the pelvic capacity and 
information concerning the various planes and com 
tours. They divide the pelvis into three portions: the” 
pelvic inlet, the mid-plane, and the outlet. ; 

Those interested in the technical details and method ~ 
of interpretation should read the original article. : 

ANDREW H. Dowpy, M.D, 


RADIOTHERAPY 


MALIGNANT TUMORS 


Treatment of Cancer of the Larynx. Chevalier L. 
Jackson. South. M. J. 34: 243-254, March 1941. 

In the decision between surgery and irradiation for 
the treatment of laryngeal cancer the location and 
extent of the lesion have usually been considered the 
most important factors, with the degree of mobility or 
fixation of the vocal cords also playing a rdle. 

The author uses protracted fractional irradiation in 
cases unsuitable for laryngofissure in which laryn- 
gectomy is contraindicated by the patient’s age, tem- 
perament, or physical condition; in cases in which 
the lesion has reached the posterior extremity of the 
cord, but the cord is not fixed; in “inoperable 
cases,” in which the growth is extrinsic by origin or 
extension, or in which cervical metastases are present. 

Whatever procedure is employed, the prognosis 
depends in some measure on the histopathology of the 
growth, and this the author believes should be taken 
into consideration in the selection of treatment in 
borderline cases. He says: ‘‘In the less differentiated, 
higher grade tumors we should feel inclined toward 
more radical surgery, or toward irradiation, rather 
than toward conservative operations, but at the same 
time these tumors are to be regarded as of poor prog- 
nosis by any method of treatment.” 

The technic of irradiation for an ‘‘average case”’ 
is as follows: 125 r daily to each side of the neck 
for twenty-five treatments, the skin portal meas- 
uring 7 to 10 cm., and the skin target distance 50 cm. 
The factors commonly used are 180 kv., 8 ma., 2 mm. 
Cu and 1 mm. Al. The dosage is 10.6 r per minute 
for 11.8 minutes on each side, the total dose to each 
side being 3,000 r or slightly more. In the presence 
of node metastases fractional irradiation is supple- 
mented by the implantation of radon. Additional 
irradiation may be given after a year if indicated. 

Statistically the results of surgical treatment are 
superior to the results of irradiation. In a series of 
37 cases treated by irradiation alone, a three-year 
cure was obtained in 45 per cent, but this, the author 
warns, affords little assurance of a permanent cure, as 
recurrence may take place after five or more years. So 
far as the voice is concerned the results of irradiation 


are excellent, but this should not be given undue weigh 
when other indications are for surgical extirpation, 


Carcinoma Erysipelatodes. Subepidermal Lym- 
phatic Metastases Confused with Operative Sequelae. 
Mortimer R. Camiel and Herman Bolker. Surg. 
Gynec. & Obst. 72: 635-641, March 1941. 

Two cases are recorded in which metastatic lesions 
of an _ erysipeloid character—so-called carcinoma 
erysipelatodes—were mistakenly diagnosed. 

In the first patient a radical mastectomy was done 
for carcinoma of the right breast (Grade 3) with axillary 
metastases. She received preoperative roentgen ther- 
apy with radium postoperatively. Five months after 
operation the wound had healed except for a small 
draining sinus at the apex, surrounded by an area of 
redness which was successively attributed to inflam- 
mation, post-radiation eczema, ringworm, a possible 
fungus infection, and self medication. As the lesion 
progressed, however, to involve the opposite breast, the 
back, and the abdominal wall, the condition was recog- 
nized as metastatic involvement of the skin, a diagnosis 
which was confirmed by biopsy. 

The second patient had a duct carcinoma of the 
breast with metastatic deposits in the axillary nodes. 
Radical mastectomy was done following a course 
roentgen therapy. The operative wound healed well 
except for a small area about which a pronounced 
erythema developed. This was at first believed to be 
due to local applications of azochloramide; later it 
was regarded as a radiation reaction, though the 
patient had received no irradiation postoperatively and 
any skin that might have been pigmented from the 
preoperative therapy had been removed. Five months 
after operation the condition was recognized as caf- 
cinoma erysipelatodes. : 

As each of these cases was at some time during its 
course mistaken for a radiodermatitis the medicolegal 
significance of the lesion is clear, and the importance = 
of immediate biopsy is obvious. F 

Serial sectioning of biopsy specimens from the — 
recorded cases suggests that the process is one 
permeation of the subepidermal lymphatics and tissue 
spaces rather than of the venous channels ‘ 








